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SUMMARY
Most patients with multiple sclerosis synthesize an 
abnormal protein known as oligoclonal IgG (intrathecal 
synthesis) and its detection in cerebrospinal fluid is 
important in the diagnosis of multiple sclerosis. Some is 
more alkaline than normal IgG which helps in its 
identification.
The highest detection rates are obtained by isoelectric 
focusing with carrier ampholytes to form the pH gradient. 
Carrier ampholyte pH gradients are not stable, especially 
at high pH values so that very alkaline proteins, such as 
intrathecal IgG, are not well resolved.
A new isoelectric focusing method has been developed for 
this' research that uses an immobilised pH gradient in 
polyacrylamide gel over the pH range 7-10 which produces a 
linear and stable pH gradient with excellent resolution. 
It allows highly alkaline proteins to be separated and 
studied in more detail than before.
After isoelectric focusing, the protein patterns were 
transferred onto polyvinylinedifluoride membranes and 
visualised using immuno-enzyme detection methods.
Only 50 patients were investigated but highly alkaline 
intrathecal IgG bands were found in the cerebrospinal 
fluid of all the multiple sclerosis patients (n=14). The 
specificity of this method for the diagnosis of multiple 
sclerosis was 98%.
(i)
Studies on immunoglobulin light chains of the oligoclonal 
IgG bands were difficult because of antiserum cross­
reactivity. No free immunoglobulin light chains were 
detected, between pH 7-10, in the 19 CSF samples analysed.
The method also lends itself to studies of the properties 
that lead to the observation of alkaline IgG bands in
multiple sclerosis. Some such studies were performed. 
Thus, the addition of myelin basic protein to IgG 
indicated binding between these proteins which may be a
factor in the formation of highly alkaline IgG.
Most of the alkaline oligoclonal IgG bands seem to exist 
with low carbohydrate (sialic acid) content and this
property may give rise to their characteristic high 
isoelectric points.
(iD
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CHAPTER 1.
GENERAL INTRODUCTION AND HISTORICAL SURVEY
1.1 THE CEREBROSPINAL FLUID (early history).
The existence of the cerebrospinal fluid (CSF) was known 
to Galen (130-200AD) who described it as a vaporous humour 
produced in the cerebral ventricles that provides energy 
and motion to the entire body. Vesalius(1514-64) also 
referred to CSF in a similar way but Von Haller (1760) 
went a stage further and suggested that this vapour 
condenses after death to form water which then fills the 
spaces surrounding the brain and spinal cord. However, 
Cotugno (1764), demonstrated that the subarachnoid space 
is filled with a clear water like fluid prior to death. No 
further mention of the fluid was made until Magendie 
(1825), confirmed the continuity between the cerebral 
ventricular system and the subarachnoid spaces.
(These early historical aspects are as quoted in: An Atlas 
of Clinical Neurology, 1982.)
After that, no further studies were carried out until 
Faivre (1854) and Key and Retzius (1875), investigated the 
mechanism of its formation, circulation and absorption. 
Quincke (1891), performed the first lumbar puncture and 
actually withdrew fluid in order to study its appearance 
in health and disease. Once it had been demonstrated that 
it was a simple operation to withdraw fluid from the 
lumbar sac without risk to the patient it was merely a 
matter of time before its cytology and chemical 
composition was studied in as much detail as the available 
equipment permitted.
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The beginning of the next phase, which has lasted until 
the present day, was marked by the publication of 
Mestrezat*s (1912) monograph on the chemical composition 
of CSF. During this period methods for estimating a wide 
range of clinically important constituents have been 
developed and as a result the chemical analysis of CSF has 
become a useful diagnostic aid. This point is well 
illustrated by the work that has been done on CSF 
proteins.
1.2. CEREBROSPINAL FLUID PROTEINS.
1.2.1. Gamma globulin.
It was soon realised that even simple qualitative tests to 
detect CSF globulin increases provided useful diagnostic 
information. Lange (1912), introduced the first of several 
colloidal tests. This test demonstrated the ability of 
certain pathological fluids to precipitate a gold sol, 
this precipitating power was subsequently found to be 
directed towards gamma globulin. Other qualitative tests 
for globulin involved mixing the CSF with some simple 
protein precipitant such as ammonium sulphate solution, 
phenol, sulphosalicylic acid and trichloroacetic acid 
(McAlpine 1972). These tests, although both convenient and 
rapid, were not sufficiently sensitive enough to detect 
the very slight increases in globulin that occur in 
several neurological diseases and notably those that occur 
in most pathological fluids from patients suffering from 
multiple sclerosis (MS).
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1.2.2. Total protein.
Even the estimation of the total protein concentration of 
the fluids was difficult because the available methods 
were not sensitive enough to measure amounts that are no 
more than about 0.5% of that of the blood plasma. 
Confronted with this difficulty, chemists turned to 
turbidimetric methods to measure the total protein 
content. These also depend upon the use of various protein 
precipitants to produce a precipitate that could be 
measured quantitatively with some sort of nephelometer or 
by visual matching against comparator standards prepared 
from a control protein. Two such methods were described, 
firstly by Denis and Ayer (1920), who used sulphosalicylic 
acid as the protein precipitant and then by Mestrezat 
(1921), who used trichloroacetic acid. Subsequently, 
efforts were made to improve the accuracy of the 
turbidimetric methods and Meulemans (1960), increased the 
sensitivity of trichloroacetic acid precipitation by 
reading the turbidity in a spectrophotometer at a 
wavelength of 450nm. Concurrent efforts to improve 
colorimetric methods by increasing their sensitivity 
resulted in the restitution of the Folin and Ciocalteau 
method in the form of the Lowry (1951), method. Further 
studies have led to the introduction of a sensitive dye 
binding method for total protein using Coomassie blue 
(Bradford 1976) and which only requires 20 microlitres of 
sample.
1.2.3. Electrophoresis of cerebrospinal fluid proteins.
Following the development of electrophoresis for the 
fractionation of mixtures of proteins efforts were made to 
ascertain how the electrophoretic patterns of normal and 
pathological fluids differed. A variety of support media 
including paper, cellulose acetate, starch gel, agarose
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gel and polyacrylamide gel were used for the purpose. Of 
these, the latter two are now in general use.
Electrophoretic methods have now largely superceeded all 
other methods for the investigation of CSF proteins. This 
is particularly true in the case of certain CSF 
immunoglobulins that have been associated with several 
neurological diseases including multiple sclerosis.
1.3. THE FORMATION OF CEREBROSPINAL FLUID. (FIGURE 1.1.)
The brain is a hollow organ with four interconnecting 
cavities consisting of two large lateral ventricles within 
the cerebral hemispheres. Both of these ventricles 
communicate with the third ventricle via the foramen of 
Monro which in turn communicates with the fourth ventricle 
via the aqueduct of Sylvius. Normally, all four of these 
ventricles are filled with CSF which is formed by the 
choroid plexi. These plexi arise from the pia mater which 
consists of a single layer of ependymal cells covering all 
surfaces of the brain. In the four ventricles, however, 
the pia mater is modified into highly vascularised villi 
in the shape of tufts which project into the ventricular
spaces. As a result the plexi consist of a network of
capillaries covered by a single layer of modified
ependymal cells. The surface area of these plexi is about 
200 square centimetres which under normal conditions 
produces 0.3 to 0.4 ml of CSF per minute (Siegel e_t
aj.. ,1967a). The fluid flows out of the fourth ventricle 
into the cisterna magna via the foramen of Magendie and 
hence into the subarachnoid space. From this point part of 
it flows up and over the outer surfaces of the hemispheres 
until it is absorbed by the arachnoidal granulations 
situated on the sagittal sinus. The other part flows down 
the spinal theca and is absorbed in a similar way.
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CEREBROSPINAL FLUID CIRCULATION
(Modified from Schultze and 
Heremans 1966)
1 Arachnoid Granulations
2 Aqueduct of Sylvius
3 Choroid Plexus of Lateral 
Ventricle
4 Choroid Plexus of 3rd Ventricle
5 Choroid Plexus of 4th Ventricle
6 Foramen of Magendie
7 Foramen of Monro
8 Sagittal Sinus
9 Cisterna Magna
10 Lateral Ventricle
11 3rd Ventricle
12 4th Ventricle
13 ---> CSF Flow
It is generally accepted that the CSF cannot be described 
as a simple ultrafiltrate or dialysate of the blood plasma 
but is more accurately described as a secretion (Davson 
1967). Its electrophoretic pattern shows an overall
resemblence to that of serum except that the prealbumin 
content of CSF is proportionately higher than that of
serum whilst the gamma globulins are proportionately 
lower, suggesting that molecular sieving is also an
operative factor in the formation of CSF. However,
although this supposition may offer a simple explanation 
of the distribution coefficient of proteins between CSF 
and serum (Table 1.1.) it fails to explain why the
coefficients for other constituents (Table 1.2.) do not 
support the concept of ultrafiltration. This means that 
subsidiary production of the CSF via the ependyma cannot
be ruled out and furthermore, it is a theoretical
possibility that some of the proteins found in CSF are
derived from the brain rather than the choroid plexi.
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TABLE 1.1
RATIOS OF CSF PROTEINS VERSUS PLASMA PROTEINS. 
(Adapted from Leibowitz and Hughes 1983)
Protein Molecular weight CSF/Plasma coefficient
Albumin 69 kDa 0.005
IgG 160 kDa 0.004-0.002
IgM 900 kDa <0.00025
TABLE 1.2.
RATIOS OF VARIOUS CONSTITUENTS OF THE CSF VERSUS PLASMA. 
(Adapted from Davson 1967)
Constituent CSF/Plasma Coefficient
Sodium 0.98
Potassium 0.62
Calcium 0.49
Magnesium 1.39
Chloride 1.14
Bicarbonate 0.87
Phosphate 0.73
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1.4. THE BLOOD-BRAIN BARRIER.
Over 100 years ago, Ehrlich found that dyes injected into 
the vascular system, were rapidly taken up by all the 
organs in the body, except the brain and CSF. Conversely, 
dyes injected into the CSF had free access to the central 
nervous system tissues but were prevented from directly 
entering the supply of the brain. These observations led 
to the concept of the blood-brain barrier and the
analogous blood-CSF barrier (Davson 1967). There is no 
single barrier but a series of regulatory interfaces which 
determine the rate at which certain substances are able to 
pass into the brain.
The main function of the blood-brain barrier is to protect 
the brain from the blood milieu but it also controls the 
selective transport of certain substances from the blood 
to the brain. In this way, the homeostasis of the brain 
environment is maintained, which is necessary for normal 
brain function. Similarly, the blood-CSF barrier maintains
the biochemical composition of the CSF.
The impermeability of the blood-brain barrier to most 
substances is effected by the tight junctions between
endothelial cells. However, in certain areas of the brain, 
the endothelial cells do not form tight junctions but 
allow free exchange of molecules between the blood and 
adjacent neurones (Risau and Wolburg 1990). This means for 
example, that neuroendocrine hormones released from 
specialised nerve terminals can freely enter the blood and 
influence distant target organs eg. the endocrine glands.
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1.5. THE ORIGIN OF CEREBROSPINAL FLUID PROTEINS.
1.5.1. The proteins in normal cerebrospinal fluid.
There is a preponderance of low molecular weight proteins 
in normal CSF viz: prealbumin and albumin with molecular 
weights of around 69 kDa over those with higher molecular 
weights such as Immunoglobulin M, 900 kDa and 
Betalipoprotein, 3,000 kDa. When the relationship between 
molecular weight and relative abundance of proteins in CSF 
was investigated (Rosenthal and Soothill, 1962) and the 
CSF/serum concentration ratios calculated for albumin, 
transferrin, immunoglobulin G, alpha-2-macroglobulin and 
betalipoprotein it was found that there was a straight 
line relationship between the ratio and respective 
molecular weights confirming that molecular size was an 
operative factor in the contribution of plasma proteins to 
the CSF. There was however, an exception to this rule in 
as much as the relative distribution value of transferrin 
was higher than expected. Indeed, it exceeded that of 
albumin even though its molecular weight of about 90 kDa 
is larger. This anomaly does not support the supposition 
that transferrin is wholly produced by the choroid plexi 
but that part of it is derived from brain tissue (Schultze 
1966a). Nonetheless, the overwhelming majority of the 
proteins in normal CSF are derived from the blood plasma 
via the choroid plexi.
1.5.2. The proteins in pathological cerebrospinal fluid.
In some neurological diseases, especially those due to 
inflammatory conditions such as meningitis, the blood- 
brain-barrier more or less breaks down and permits high 
molecular weight proteins to pass directly from the blood 
into the fluid. Similar leakages may also occur as the 
result of mechanical damage to the cerebral blood vessels
- 9-
or by an increase in intracranial pressure associated with 
a brain tumour which causes the cerebral capillaries to 
become more permeable to plasma proteins so that the 
protein pattern closely resembles that found in plasma 
(Schultze 1966b). Some proteins that are found in only 
trace amounts in CSF have been shown to be specific to the 
central nervous system namely, S-100 protein, glial 
fibrillary acidic protein and myelin basic protein.
S-100 protein has a molecular weight of 25 kDa and appears 
as two bands in the prealbumin region in electrophoretic 
patterns. This protein has been found to be raised in 
fluids from patients suffering from gliomas (Wollemann 
1974).
Glial fibrilliary acidic protein is a major constituent of 
neuroglial fibres and is astrocyte specific (Siegel et 
al..1976c).
Finally, in the case of multiple sclerosis, the myelin of 
the brain white matter is broken down and fragments are 
found in the CSF, notably myelin basic protein. (This is 
discussed in more detail in section 1.9.4.)
i.6. INTRATHECAL SYNTHESIS OF PROTEINS WITHIN THE 
CENTRAL NERVOUS SYSTEM.
It is safe to say that the majority of the proteins found 
in the CSF are derived from the blood plasma (Schultze 
1966c). However, there is convincing evidence to show that 
small amounts of certain proteins,, normally found in the 
CSF, might be derived from the brain and enter the fluid 
by routes other than that of crossing the choroid plexi. 
In normal fluids some of the prealbumin and transferrin 
seem to originate in the brain tissues.
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1.6.1. Prealbumin
In the case of prealbumin there is no doubt that the 
protein in the fluid is electrophoretically and 
immunologically identical with that in plasma and might in 
consequence be expected to arise from the plasma by 
selective filtration across the choroid plexus. However, 
if that were the case it might also be expected that the 
CSF/blood ratios for prealburain and albumin should be 
approximately the same since their molecular weights are 
similar, whereas, the prealbumin ratio is actually several 
times higher suggesting that there is a cerebral source of 
this protein in addition to that of the plasma (Schultze 
1966d)•
1.6.2. Transferrin.
In the case of transferrin, this exists as two distinct 
forms in the CSF. Firstly, there is the component that 
occurs in normal plasma. This fraction possesses beta-1- 
electrophoretic mobility whereas the second component has 
beta-2-mobility and moves more slowly. It is notable that 
this fraction, the so called tau protein, is absent from 
plasma so that the two fractions differ 
electrophoretically but are immunologically identical. 
Since tau protein is not found in the plasma it seems that 
this type of transferrin is formed in the brain by the 
desialylation of beta-l-transferrin and passed through the 
ependymal cells rather than through the choroid plexus 
(Schultze 1966e).
1.6.3. Other proteins
Other CSF proteins, particularly those rich in 
carbohydrate, have also been reported to undergo changes 
in their electrophoretic mobility in degenerative
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disorders of the central nervous system (Schultze 1966f). 
Therefore, the possibility must exist that these proteins 
originate from the brain tissue although it seems more 
likely that they originate from the plasma and are then 
modified in the CSF by enzymic degradation (Schultze 
1966g).
1.7. INTRATHECAL SYNTHESIS OF IMMUNOGLOBULIN WITHIN THE 
CENTRAL NERVOUS SYSTEM.
1.7.1. Intrathecal synthesis of IgG in multiple sclerosis.
In the case of multiple sclerosis the concentration of 
immunoglobulin G (IgG) found in the CSF can easily surpass 
those values that could be achieved by passive diffusion 
across the choroid plexus from the blood plasma. Given 
that active transport mechanisms for specific proteins are 
unlikely (Tourtellotte e_t aj.., 1975) a strong case can be 
made for local synthesis of antibody, presumably by 
lymphocytes within the central nervous system. This source 
has been termed the intrathecal synthesis of antibody.
Interest in the intrathecal IgG response in multiple 
sclerosis originated with several quantitative experiments 
undertaken by Rabat e_t aj.., (1948). This work showed that 
83% of multiple sclerosis patients had increased levels of 
gamma globulin in their CSF which constituted more than 
13% of the total protein whereas it was only 9-10% in 
normal fluids. These results were to become the reference 
standard for gamma globulin levels in the field of CSF 
proteins in multiple sclerosis.The results obtained were 
not only accurate due to the precise chemical analysis 
involved but they were also more specific than had 
previously been obtainable because they were obtained 
using an antiserum raised against human serum gamma 
globulin.
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Some ten years later Frick and Scheid-Seydel (1958), 
performed isotope exchange studies that clearly 
demonstrated the origin of these elevated IgGs in the CSF. 
In a series of experiments, both radiolabelled albumin and 
IgG were injected intravenously into patients with 
multiple sclerosis and patients with other neurological 
diseases. In non-multiple sclerosis patients, essentially
x
all CSF/was found to be labelled, whereas in the multiple 
sclerosis group the specific radioactivity associated with 
the IgG fraction remained low. By contrast, most of the 
CSF albumin was found to be labelled and in the normal 
range for both groups. Thus, it was concluded that
multiple sclerosis patients synthesize an abnormal IgG 
fraction within the central nervous ststem.
1.7.2. Detection of intrathecally synthesized IgG with
immunochemical methods.
Later, more tests were introduced to distinguish between 
any increases in CSF IgG concentration caused by the
production of IgG within the central nervous system
(intrathecal synthesis) from those increases caused by a 
leaking blood-brain-barrier membrane. This was an 
important fact to establish because it helped the
neurologist to diagnose between multiple sclerosis and 
other neurological diseases.These methods used specific 
antisera to human IgG and albumin to measure the levels of 
these proteins in CSF and serum. Techniques included 
radial immunodiffusion (Mancini e_t al., 1965),
electroimmuno-diffusion otherwise known as ‘rocket 
electrophoresis* (Laurell 1966) and most recently
immunoturbidimetry and nephelometry (Price e_t al.. , 1983). 
The results of the CSF IgG concentration were then
expressed in relation to either the CSF albumin level 
(Link 1977a) or the CSF total protein level (Yahr ej: aj.., 
1954). Thus it was found that the ratio between CSF IgG
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and total protein concentration was raised in up to 75% of 
multiple sclerosis cases and up to 80% when compared with 
the CSF albumin concentration (Link 1977b). However, 
abnormal ratios were also found in the CSF of patients 
with neurological diseases other than multiple sclerosis 
indicating poor specificity.
The introduction of the IgG Index (Delpech 1972) increased 
the specificity for the detection of intrathecal IgG 
synthesis. In this test CSF and serum IgG levels and CSF 
and serum albumin levels were measured. The ratio of CSF 
to serum IgG was divided by that for CSF to serum albumin. 
An increased ratio indicated the intrathecal synthesis of 
IgG. The IgG index has consistently been reported to be 
elevated in between 70-90% of multiple sclerosis cases 
(Trojaborg e_t al. ,1981; Hershey ej: aj.., 1980; Matteson et 
al., 1987).
In 1978, another formula was introduced from which it was 
possible to detect intrathecal IgG synthesis by 
calculating the amount of IgG synthesized daily in the 
central nervous system (Tourtellotte 1978). This formula 
was based on levels of IgG and albumin in CSF and serum 
and also incorporated a number of mathematically derived 
constants. Using this formula it was found that up to 92% 
of multiple sclerosis patients had an elevated intrathecal 
IgG synthesis rate. However, Lefrert (1985), stated that 
the mathematically derived constants were not valid 
because the blood-brain barrier did not funtion in exactly 
the same way from subject to subject.
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1.8. THE DETECTION OF INTRATHECAL IgG SYNTHESIS IN
CEREBROSPINAL FLUID BY ELECTROPHORESIS.
1.8.1. Agar gel electrophoresis using concentrated 
cerebrospinal fluid.
During the period 1954-57 contributions were made to the 
knowledge of these abnormal IgG fractions in CSF with the 
use of electrophoretic methods. These studies all 
confirmed the considerable rise in the concentration of 
gamma globulin in the CSF from cases of multiple sclerosis 
which had been noted to be immunologically identical with 
the serum gamma globulin. With the introduction of gels 
such as agar, starch and acrylamide as matrices for 
electrophoresis further important discoveries were to be 
made regarding the nature of the increased gamma globulin 
fraction found in multiple sclerosis.
The first of these discoveries was made by Lowenthal 
(1964), who published extensive observations in the 
electrophoretic patterns obtained using agar gel on spinal 
fluids from various neurological diseases. In these 
studies he found that not only was there an overall 
increase in the gamma globulin fraction in fluids from 
multiple sclerosis patients but there were also other 
slower moving gamma globulin fractions present that were 
absent in normal CSF. This increase in the slower moving 
gamma fractions was, however, in terms of relative 
concentrations, rather less than the increase in the 
fraction normally present in CSF. Lowenthal believed this 
particular type of electrophoretic pattern to be the 
essential protein characteristic of multiple sclerosis 
fluids.
Laterre (1965), published the results of similar work but 
classified the protein patterns of CSF into three
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categories namely transudative, degenerative and gamma 
globulinic. Laterre suggested that only the latter of 
these classifications is encountered in multiple
sclerosis. In its simplest form, this pattern is 
characterised quantitatively, on the one hand by a 
selective increase in gamma globulin with a normal total 
protein concentration in the CSF and a normal
concentration and mobility pattern of serum globulin; but 
on the other hand it is characterised even more strikingly 
by the appearance of a number of distinct bands in the 
gamma zone of the CSF electrophoresis pattern. This is the 
characteristic to which Laterre originally referred to as 
1oligoclonality1 by which he indicated that serum 
derivation could not explain these new bands since any
increase of vascular permeability would let pass a 
continuous spectrum of gamma globulins of different 
molecular size corresponding to the diffuse spectrum of 
molecular sizes characterising serum.
Early electrophoretic methods had to be carried out with 
CSF that had been concentrated prior to analysis. This 
was necessary because the resolution and sensitivity of 
the available methods were not sensitive enough to detect 
the individual protein bands present in the very weak 
protein solution such as CSF. Fluids had to be
concentrated up to 200 times in order to raise the total 
protein concentration to that found in the serum.
1.8.2. Disc gel electrophoresis using unconcentrated 
cerebrospinal fluid.
In 1964, a new electrophoresis method was described which 
subsequently became the first method that permitted the 
separation of CSF proteins without the need for 
concentration of the fluids. This method was called disc 
electrophoresis. The method was originally developed by
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Ornstein (1964) and Davis (1964) for the separation of 
serum proteins but was subsequently modified by various 
workers in order to investigate CSF proteins as described 
below. (Monseu 1965; Cumings ej: aj.. , 1970). An important 
advantage afforded by this technique was that the 
resolution of the individual proteins could be controlled 
by adjusting the pore size of the gel by altering the 
concentrations of the gel constituents ie. 
acrylamide/bisacrylamide. As already stated, the 
requirement to concentrate the CSF is unnecessary because 
the proteins are concentrated electrophoretically on top 
of the polyacrylamide gel prior to separation. The 
importance of avoiding the concentration step was 
highlighted by Cunningham (1964), who used disc 
electrophoresis to demonstrate that alterations in the CSF 
protein pattern could occur when the fluids were first 
subjected to concentration. Disc electrophoresis was 
eventually successfully used to demonstrate the presence 
of oligoclonal immunoglobulins in unconcentrated CSF by 
Thompson (1979).
1.8.3. Isoelectric focusing using unconcentrated
cerebrospinal fluid.
During the time that disc electrophoresis was being 
developed for the separation of CSF proteins another 
electrophoretic technique was also being introduced for 
the same purpose called isoelectric focusing (IEF).
In IEF proteins migrate under an applied voltage to their 
respective isoelectric points (pi) in a pre-established pH 
gradient. The use of the technique of IEF for separating 
and chacterising proteins by their pis in a pH gradient 
was first described by Vesterberg and Svensson (1966), and 
since then it has been adapted for analytical studies of 
many proteins.
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1.8.4. Isoelectric focusing of cerebrospinal fluid
proteins and the detection of highly alkaline IgG 
fractions in unconcentrated cerebrospinal fluid.
The potential of IEF for the separation of CSF proteins 
was first pointed out by Fossard (1970), which was
followed up by similar work by Delmotte (1971). Kjellin 
and Vesterberg (1974), used IEF to investigate CSF
proteins in various neurological diseases and reported 
that in cases of fluid from multiple sclerosis patients 
that were analysed there were proteins present with 
abnormally high pis. viz. greater than 8. Subsequently, 
Delmotte and Gonsette (1977), used IEF and found that 91% 
of multiple sclerosis patients showed oligoclonal bands in 
the region of the CSF gamma globulins and stated that most 
of the oligoclonal bands present in CSF from multiple 
sclerosis patient were to be found in the pH range 7.8 to
8.6. In contrast, only 7% of non multiple sclerosis fluids
showed bands in this pH range and of these most belonged 
to the inflammatory group of neurological diseases. Out of 
all of the multiple sclerosis fluids examined no two 
patterns of oligoclonal bands were the same, although for 
any one multiple sclerosis patient, the distribution of 
the oligoclonal bands remained reproducible even over very 
long periods of time.
Laurenzi and Link (1979), used IEF followed by 
immunofixation using specific antiserum to characterise 
the mobility of individual proteins in CSF and serum. They 
concluded that polyclonal IgG migrated as multiple bands 
between pH 4.7 and 8.6. However, in the CSF specimens from 
multiple sclerosis patients there were additional bands 
between pH 8.6 and 9.5. It was assumed that these bands 
constituted oligoclonal IgG.
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More recently, Hosein and Johnson (1981), used IEF on 
polyacrylamide gel plates followed by immunofixation with 
anti-human IgG serum to investigate the proteins present 
in CSF from multiple sclerosis patients and like the
previous workers found that there were discrete
populations of highly alkaline IgG bands present with pis 
greater than 8.6, Similar work was also undertaken by
Zaffaroni ej: al., (1983), who found highly alkaline
oligoclonal IgG bands that corresponded to increased 
percentages of slowly migrating intrathecal IgG as 
measured by capillary isotachophoresis.
Kostulas at al., (1987), reported the presence of
oligoclonal IgG bands in unconcentrated CSF from all of a 
group of 58 patients with multiple sclerosis. This high 
detection rate was achieved using a very sensitive IgG 
visualisation system after immunoblotting the bands 
separated by IEF onto nitrocellulose membranes. Then an 
avidin-biotin amplification system was included which 
increased the sensitivity of the procedure by 5 to 10 
times compared to the previously used immunoperoxidase 
staining system. However, although the sensitivity was 
high the specificity for multiple sclerosis was lowered 
because out of the group of patients examined, 28% of 
patients with infections of the central nervous system and 
9% of patients with other neurological diseases also 
showed oligoclonal IgG bands.
I
1.8.5. Isoelectric focusing using an immobiised pH 
gradient.
A recent publication (Pirttila et al., 1988), described a 
method for the separation of CSF proteins by IEF using an 
immobilised pH gradient formed with polyacrylamide gel and 
supplemented by the addition of 0.5% w/v of carrier 
ampholytes. After IEF, the proteins were either stained
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directly on the gel with silver stain or transferred onto 
nitrocellulose membranes and visualised with an 
immunoperoxidase detection system. It was found that 
although the method showed great potential for the 
analysis of CSF proteins, and particularly for 
pathological IgG with alkaline pi values, there were 
several technical problems to overcome especially with 
respect to the formation of water on the gel surface 
during IEF. This, in turn affected the resolution of the 
focused protein patterns. However, the pH gradients were 
stable and the inter-gel reproducibilities of individual 
IgG patterns were good.
1.9. MULTIPLE SCLEROSIS.
1.9.1. Introduction.
Multiple sclerosis was first identified as a distinct 
neurological disease by Charcot (1868). Since then, an 
enormous amount of research has been carried out to 
establish the cause of the disease which remains unknown. 
The hallmark of multiple sclerosis is loss of myelin which 
results in the formation of lesions with a characteristic 
toughened tissue appearances called plaques (Prineas 
1985).Multiple sclerosis causes a variety of neurological 
symptoms including, visual disturbances, limb weakness, 
disability and usually premature death.
1.9.2. Clinical course.
The frequency of onset of multiple sclerosis begins to 
increase around 17 years of age, reaching a peak around 30 
years of age and is relatively rare after the age of 60 
(Noseworthy e_t al, , 1983). It is about one and a half 
times more common in females than in men (McAlpine 1985). 
The course and severity of multiple sclerosis is one of
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the most remarkable facts about the disease. It may be so 
mild as to be imperceptable and is only discovered 
accidentally at autopsy. Alternatively, it may become 
progressive or even be progressive from the onset,
eventually leading to various crippling neurological 
symptoms. Most frequently, however, the course is a
relapsing and remitting one, with new neurological
symptoms developing at intervals which may occur either 
several months or years between each attack (McAlpine
1985). The precise nature of the neurological symptoms 
depends upon the site of the plaques within the central 
nervous system.
1.9.3. Epidemiology.
The distribution of multiple sclerosis throughout the 
world is unique. It seems to be a disease associated with 
particular localities rather than with any racial subgroup 
of people who live in these localities, especially the 
places in which they lived during childhood.
It is common in Europe and in North America but uncommon 
in Northern China, Northern Japan, Africa, and the West 
Indies. The prevalence in Europe is about 40 per 100,000 
and is particularly high in the Orkney Islands at 258 per 
100,000 and 310 per 100,000 in Northern Ireland, the 
highest in the world (McAlpine 1985).
1.9.4. Demyelination.
In the central nervous system, nerve fibres (axons), are 
enclosed in a sheath of myelin which is laid down by 
specialised cells known as oligodendrocytes (Waxman 1985). 
The predominent element of brain white matter is made up 
of the myelin sheath. It is uncertain whether an immune 
attack damages the myelin, or the oligodendrocytes (or
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both) which then results in demyelination in patients with 
multiple sclerosis.
Myelin is a complex combination of protein (30%) and lipid 
(70%) of which three major protein fractions have been 
investigated. Of these, myelin basic protein (MBP) has 
been the most extensively studied because when it is 
injected into an animal it elicits a cellular antibody 
response that produces an autoimmune disease of the brain 
called experimental allergic encephalomyelitis. This 
disease involves areas of inflammation and demyelination 
that resembles multiple sclerosis in some respects 
(Paterson 1983). Myelin basic protein is a highly basic 
protein with an isoelectric point greater than 12 and a 
molecular weight of 18 kDa.
In multiple sclerosis, the demyelinated areas of the brain 
are known as plaques and as the demyelination progresses 
the myelin sheath is broken down so that fragments of 
myelin basic protein may be detected in the CSF (Whitaker 
et al., 1986).
The plaques are almost always centred round a small vein 
(perivascular cuffing), which is surrounded by 
inflammatory cells (lymphocytes). In the early stages of 
these inflammatory lesions there is a zone of oedema 
immediately surrounding this perivascular cuff. In active 
lesions this cuffing frequently infiltrates along the vein 
preceding demyelination (Adams 1977). In multiple 
sclerosis the demyelinating plaques are frequently found 
in close proximity to the CSF and for that reason it has 
been suggested that demyelination may be due to some toxic 
agent in the CSF.
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1.9.5. Neuroimmunology.
Demyelination is accompanied by the infiltration of brain 
tissue by lymphocytes, plasma cells and macrophages. The 
presence of T cells and B lympocytes and plasma cells 
suggests that an antibody dependent cell mediated immune 
response may be responsible for demyelination in multiple 
sclerosis (Adams 1977). However, the identities of 
possible antigens are unknown.
There have been many attempts to identify the various 
specific antibodies that constitute the oligoclonal IgG 
bands that occur in the CSF of patients with multiple
sclerosis. In this respect, antibodies to measles virus 
has been identified in the CSF of multiple sclerosis
patients (Salmi e_t aj.., 1972), but not exclusively, since 
antibodies to other viruses have also been identified
(Norrby et al., 1974; Vandvik and Norrby 1989).
It is has been suggested that oligoclonal IgG bands may be 
an epiphenomonen not related to the pathogenisis of 
multiple sclerosis, rather that lymphocytes have 
penetrated the blood brain barrier in response to an 
immune reaction and then secrete antibodies that they had 
previously been programmed to synthesize (Tourtellotte and 
Ma 1978).
In multiple sclerosis, the proportion of kappa to lambda 
immunoglobulin light chains is frequently increased (Link 
and Laurenzi 1979). Normally, the ratio of kappa to lambda 
in CSF is the same as that in serum (6:4) but in multiple 
sclerosis and some other neurological diseases the two may 
diverge (Bollengier et aj.. , 1978; Fagnart et aj.. , 1988). 
Since there is no reason to suppose that kappa chains are 
preferentially transported across the blood-brain barrier,
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this increased ratio must be regarded as further evidence 
that immunoglobulin is synthesized intrathecally.
The presence of oligoclonal bands consisting of free light 
chains have also been documented (Vandvick 1977; Vakaet 
and Thompson 1985). In multiple sclerosis, free lambda 
chains have been reported to predominate over free kappa 
light chains (Link and Laurenzi 1979). The frequency of 
occurrence of free light chains in the CSF of multiple 
sclerosis patients is about 87% (Bracco et al., 1987).
IgM has also been shown to be synthesized intrathecally, 
resulting in the appearance of an oligoclonal 
electrophoretic pattern when analysed by IEF (Sharief and 
Thompson 1989). However, the frequency of occurrence of 
oligoclonal IgM in multiple sclerosis was only 58%.
1.9.6. Diagnosis.
The differential diagnosis of multiple sclerosis is still 
a difficult one because the diversity of neurological
symptoms can easily be mistaken for many other 
neurological diseases. Diagnosis is made even more 
difficult due to the absence of a specific diagnostic 
test. Hence, the diagnosis of multiple sclerosis is still
primarily a clinical one. The criteria upon which the
diagnosis is made relies on a number of proposed schemes
that classifies multiple sclerosis into several diagnostic 
categories, eg. definite, probable, possible etc.
The latest attempt at defining rational criteria links 
clinical with laboratory findings. In this scheme, (Poser 
et al. 1983), the laboratory support for diagnosis is 
confined to the presence of oligoclonal IgG bands in the 
CSF. The detection of oligoclonal IgG bands in the CSF is,
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therefore, now an established important aid in the 
diagnosis of multiple sclerosis.
1.10. THE POSER CLASSIFICATION FOR THE DIAGNOSIS OF 
MULTIPLE SCLEROSIS.
The Poser (1983) classification for the diagnosis of 
multiple sclerosis, integrates data from clinical and 
paraclinical investigations together with CSF 
biochemistry. Paraclinical criteria includes magnetic 
resonance imaging (MRI) and evoked potentials (eg. visual 
evoked response VER). The laboratory support is confined 
to the demonstration of intrathecally synthesized
oligoclonal IgG bands in the CSF or increased intrathecal 
IgG synthesis of IgG using tests such^as the IgG index or
the IgG synthesis rate (see section l.j^ .2.).
1.10.1. Clinical and paraclinical definitions.
Attack:- the occurence of a symptom or symptoms of 
neurological dysfunction, lasting more than 24 h.
Clinical evidence of a lesion:- this is provided by the 
demonstration of abnormal neurological signs on
examination.
Paraclinical evidence of a lesion:- this is provided by 
procedures such as visual evoked response (VER) and 
magnetic resonance imaging (MRI).
Separate lesions:- separate signs and/or symptoms must not 
be explicable on the basis of a single lesion.
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1.10.2. The Poser categories of multiple sclerosis.
1.10.2.1. Clinically definite multiple sclerosis.
This is defined as two symptomatic attacks with either 
clinical or paraclinical evidence of two anatomically 
separate lesions
1.10.2.2. Laboratory____supported____ definite_____multiple
sclerosis.
This depends on the demonstration of intrathecally 
synthesized oligoclonal IgG bands in CSF or increased 
intrathecal IgG synthesis with either two attacks and 
clinical or paraclinical evidence of one lesion, or one 
attack with clinical and paraclinical evidence of two 
separate lesions.
1.10.2.3. Clinically probable multiple sclerosis.
This is defined in the same way as 1.10.2.2. but lacks 
abnormal CSF biochemistry.
1.10.2.4. Laboratory____supported____ probable_____multiple
sclerosis.
This is character/^  by the demonstration of intrathecally 
synthesized oligoclonal IgG bands or increased intrathecal 
IgG synthesis and two symptomatic lesions.
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11. AIMS OF THIS PROJECT.
To develop a method suitable for the detection and 
separation of highly alkaline intrathecal oligoclonal 
IgG bands that occur in the CSF of patients suffering 
from multiple sclerosis. It is hoped that this will 
result in an improved detection rate compared with 
existing techniques, especially with respect to 
patients at the early stages of the disease.
To establish if the presence of highly alkaline 
oligoclonal IgG bands in CSF, with isoelectric points 
of between 7 and 10, is a more specific marker for 
the diagnosis of multiple sclerosis than oligoclonal 
IgG bands with lower isoelectric points.
To investigate if it is possible to use the 
characteristically high isoelectric point of 
intrathecally synthesized IgG compared to the 
relatively lower isoelectric point of normal serum 
IgG, as a means of identifying it.
To study the structural properties of intrathecally 
synthesized oligoclonal IgG bands in order to find out 
the mechanism that produces the high isoelectric 
point.
CHAPTER 2
THE DEVELOPMENT OF AN ISOELECTRIC FOCUSING TECHNIQUE USING 
IMMOBILISED PH GRADIENTS TO SEPARATE ALKALINE OLIGOCLONAL 
IgG BANDS IN UNCONCENTRATED CEREBROSPINAL FLUID.
2.1. INTRODUCTION.
Various electrophoretic methods have been used to detect 
intrathecally synthesized IgG in the cerebrospinal fluid 
of patients with multiple sclerosis. However, it is 
generally agreed that the best resolution has been 
obtained using isoelectric focusing (Walker e_t aim , 1983a; 
Kostulas e_t jil., 1987)
Up until now, isoelectric focusing has had to be carried 
out with agarose or polyacrylamide gels and carrier 
ampholytes to form the pH gradient. Proteins introduced 
into these gels were then separated from each other 
according to their respective isoelectric point which are 
characteristic for each protein and at this point the 
proteins were focused into very narrow and concentrated 
bands.
However, the formation of a pH gradient is not without 
difficulties, one of these is 'cathodic drifting1 (Rilbe 
1977). In this instance, the entire pH gradient migrates 
slowly towards the cathode during electrofocusing. As is 
to be expected, the ‘drifting1 is particularly troublesome 
with respect to the separation of very basic proteins such 
as the alkaline IgG fractions that occur in the CSF of 
patients with multiple sclerosis and indeed, some of them 
may not be focused at all in such a system.
Another problem of isoelectric focusing using carrier 
ampholytes is the uneven electrical conductivity and
buffering capacity produced by the focusing of the 
individual components of the carrier ampholyte solution 
into a series of ridges and troughs spread throughout the 
pH gradient (Felgenhauer and Mohrmann 1981). This in turn 
leads to the appearance of artefactual bands, even in the 
case of polyclonal antibody, which by all other 
electrophoresis methods separates as a continuous diffuse 
zone (Walker e_t jal., 1983b). As a result, isoelectric
focusing protein patterns can lead to ambiguities in 
interpretation between the presence of both pathological 
protein bands and bands caused by artefacts.
The recently introduced electrophoresis technology of 
isoelectric focusing using immobilised pH gradients 
appears to offer an opportunity to overcome the problems 
associated with isoelectric focusing using carrier 
ampholytes. Immobilised pH gradients were first described 
by (Bjellqvist et .al., 1982) but as yet they have not been 
exploited for the investigation of intrathecal IgG in 
unconcentrated cerebrospinal fluid.
Immobilised pH gradients are formed from a number of 
acrylamide derivatives known as immobilines (Righetti and 
Gianazza 1987). These are solutions of molecules that are 
bifunctional, having a buffering group at one end and a 
double bond at the other (Fig 2.1). The latter groups are 
covalently linked to polyacrylamide gel during the process 
of polymerisation. Hence, the buffering groups, being co­
polymerised within the polyacrylamide gel ,matrix, cannot 
migrate in an electric field ie. they are immobilised. 
This means that the pH gradient is stable indefinitely, 
unlike pH gradients formed with carrier ampholytes. 
Furthermore, immobilised pH gradients have been reported 
to be capable of extremely- high resolution such that 
proteins differing by as little as 0.001 of a pH unit have 
been successfully separated (Bjellqvist ej: a_l. , 1982).
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FIG 2.1
THE GENERAL CHEMICAL STRUCTURE OFIMMOBILINE.
H
CH=Ctt-C-N-R
Where R contains either a carboxylic acid or a 
tertiary amino group (buffering group).
There are two good reasons to suggest that isoelectric 
focusing using immobilised pH gradients may be ideally 
suited for the investigation of intrathecally synthesized 
IgG bands in unconcentrated cerebrospinal fluid.
First, the extremely high resolving power of isoelectric 
focusing with immobilised pH gradients means that lower 
detection limits of IgG should be attainable, thereby 
increasing the sensitivity of isoelectric focusing for the 
diagnosis of multiple sclerosis.
Second, the stability of the immobilised pH gradient, 
especially at high pH values, should enable the very 
alkaline IgG fractions that occur in the cerebrospinal 
fluid of patients with multiple sclerosis to be detected 
and investigated with resolution and detail not previously 
possible.
An isoelectric focusing technique using an immobilised pH 
gradient of pH 7-10 has been developed and is described in 
the following section. This pH range was specifically 
chosen in order to focus attention on the proteins that 
have consistently been reported over many years to be 
associated with multiple sclerosis, either as oligoclonal 
IgG bands with gamma globulin electrophoretic mobility or 
more recently as highly alkaline IgG fractions.
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2.2. EQUIPMENT AND MATERIALS.
2.2.1. Equipment.
Multiphor II electrofocusing unit Code 80-1106-20 
Aluminium cooling plate. Code 80-1106-53 
MacroDrive 5 power supply. Code 80-1106-42
Gradient maker kit including, volume compensator, magnetic 
stir bars, silicone tubing and tubing clamps. Code 80- 
1106-85
Glass plates 125x260x3mm. Code 80-1106-99
0.5mm U-frame 125x260mm. Code 80-1106-89
Flexiclamp clips. Code 80-1106-42
Electrode for IEF, cathode. Code 80-1106-60
Electrode for IEF, anode. Code 80-1106-61 were all from
Pharmacia/LKB, Milton Keynes, UK.
Mechanical shaker, R100 Rotatest Code R100/B from Luckham 
Ltd, Burgess Hill, Sussex, UK.
Peristaltic Pump, Verder type 2000, from Flowgen 
Instruments, Sittingbourne, Kent, UK.
Positive displacement pipette, multiple range absoluter. 
Code 351 was from Alpha Laboratories, Eastleigh, 
Hampshire. UK.
Oxford adjustable pipettes 10 ul Code 9685-300106,50 ul 
Code 9685-300205,200 ul Code 9685-300304, and 500 ul Code 
9685-300403 sizes were from BCL Ltd., Lewes, Sussex, UK.
2.2.2. Materials.
Immobiline II pK 3.6 Code 2355-101, Immobiline II pK 7.0 
Code 2355-121, Immobiline II pK 8.5 Code 2355-126, 
Immobiline II pK 9.3 Code 2355-131, Repel-Silane Code 
1850-252, Bind-Silane Code 1850-251, high pi calibration 
kit pH 5-10.5 Code 17-0473-01, Ampholine carrier 
ampholytes pH 7-9 Code 80-1125-84 and pH 9-11 Code
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80-1125-86, electrofocusing strips Code 80-1129-51 were 
all from Pharmacia/LKB, Milton Keynes, UK.
N-2-Hydroxyethylpiperazine-N*-2-ethanesulphonic acid
(HEPES) Code H3375, nitrobluetetrazolium Code N6876, 5-
bromo-4-chloro-3-indolyl phosphate p-toluidine salt Code 
B8503, 1-lactic dehydrogenase from rabbit muscleCode 
L5012, trypsinogen from bovine pancreas Code T1146, 
cytochrome cfrom horse heart Code C7752, citric acid 
anhydrous Code C0759, stannous chloride anhydrous Code 
S2752, tetrachloroauric acid trihydrate Code G4022, 2-
amino-2-methyl-l,3-propanediol Code A2676 and magnesium 
chloride hexahydrate Code M9272 were all from Sigma Ltd., 
Poole, Dorset, UK.
Polyvinylidenedifluoride (PVDF) protein transfer membrane 
(Immobilon) Code IPV 000-01 from Millipore, Watford, UK.
Dried skimmed milk Marvel Brand.
Sheep anti-human IgG (heavy chain specific) batch 
HP/S/6/G, Sheep anti-human kappa light chain (free and 
bound) batch HP/S/826, Sheep anti-human lambda light chain 
(free and bound) batch HP/S/827,was from Guildhay Antisera 
Ltd, Guildford, Surrey, UK.
Donkey anti-sheep IgG alkaline phosphatase conjugated Code 
PA360 from The Binding Site Ltd., Birmingham, UK.
Rabbit anti-human kappa light chains (free and bound) Code 
A191, Rabbit anti-human lambda light chains (free and 
bound) Code A193, Rabbit anti-human kappa free light 
chains Code A100, Rabbit anti-human lambda free light 
chains Code A101, were from Dako Ltd., High Wycombe, UK.
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Goat anti-rabbit IgG (H+L) gold conjugate. Janssen product 
Code 30.701.49., Goat anti-mouse IgG (Fc) gold conjugate. 
Janssen product Code 30.694.42, Fish gelatin. Janssen 
product Code 30.714.62 and Silver enhancement staining 
kit. Janssen product Code 30.113.43 were from Amersham 
International pic, Aylesbury, UK.
Acrylamide felectranf grade 1 Code 44313, ammonium 
persulphate 'electran1 grade 1 Code 44307, N,N,N,,NI- 
tetramethylethylenediamine (TEMED) Code 44308, Amberlite 
ion-exchange resin MB-1 analytical grade Code 55007, NN1- 
methylenebisacrylamide *electran1 grade 1 Code 44300, 
formic acid 90% 'Aristar* grade Code 45012, methanol 
'Analar* grade Code 10158, polyethylene glycol 6000 Code 
29577, dimethylformamide GPR grade Code 28425, sodium 
hydroxide (N) fAnalarf grade, sorbitol GPR grade Code 
30242, 5-sulphosalicylic acid GPR grade Code 30314, 
trichloroacetic acid !Analarf grade Code 10286, sodium 
dihydrogen phosphate dihydrate !Analar! grade Code 10245, 
disodium hydrogen phosphate fAnalarf grade Code 10249, 
sodium chloride 'Analar1 grade Code 10241 and Tween 20- 
polyoxyethylene(20)sorbitan monolaurate Code 66368, sodium 
acetate trihydrate fAnalarf grade Code 10235, calcium 
chloride dihydrate fAnalarf grade Code 10070, sodium azide 
GPR grade Code 30111, acetic acid 'Analar' grade Code 
10001 were from BDH Ltd, Poole, Dorset, UK.
CSF total protein assay kit Code 500-0001 was from Bio-Rad 
Laboratories Ltd, Watford, UK.
Human serum for intralaboratory quality control (used for 
CSF total protein calibration) was from UKEQAS, Wolfson 
Research Laboratories, Birmingham, UK.
CSF total protein control Code CSF/LCR was from Ciba 
Corning Diagnostics Ltd, Halstead, Essex, UK.
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2.2.3, Working solutions.
1. Acrylamide gel solution for the preparation of the 
immobilised pH gradient.
28.8g of acrylamide and l*2g of
NN‘methylenebisacrylamide were dissolved in distilled 
water and made up to a final volume of 100 mis. Stored 
over Amberlite MB-1 ion-exchange resin in a 
refrigerator at 4 C.
2. Tween 20 solution for the preparation of the
immobilised pH gradient.
0.2% (v/v) of Tween 20 in distilled water and stored
over Amberlite MB-1 ion-exchange resin at room
temperature.
3. Sorbitol solution for the preparation of the
immobilised pH gradient.
60% ( w/v) of sorbitol in distilled water and stored
over Amberlite MB-1 ion-exchange resin at room
temperature.
4. Ammonium persulphate solution for polymerisation of
the acrylamide gel.
40% (w/v) of ammonium persulphate in distilled water 
prepared freshly immediately before use.
5. Formic acid solution for the preparation of the
immobilised pH gradient.
2.3% (v/v) of formic acid in distilled water and
stored at room temperature.
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Anodic electrolyte solution for isoelectric focusing.
6% (w/v) of N-2-hydroxyethylpiperazine-N1-2-
ethanesulphonic acid (HEPES buffer) in distilled water 
and stored at room temperature.
7. Cathodic electrolyte solution for isoelectric 
focusing.
4% (w/v) sodium hydroxide in distilled water and
stored at room temperature.
8. Fixative solution for staining PVDF membranes with 
colloidal gold
5g of 5-sulphosalicylic acid and 10 g of 
trichloroacetic acid dissolved in distilled water and 
made up to a final volume of 100 mis. Stored at room 
temperature.
9. Phosphate buffered saline solution pH 7.2 (PBS) for 
washing the PVDF membranes.
Stock solution
4.37g of sodium dihydrogen phosphate dihydrate, 10.22g 
of disodium hydrogen phosphate and 85g of sodium 
chloride were dissolved in distilled water to a final 
volume of 1000 ml.
The stock PBS solution was diluted 1 in 10 for use.
10. Polyethylene glycol solution (PEG) for use with the 
primary and secondary antibody solutions.
20% (w/v) of polyethylene glycol 6000 in dilute PBS 
solution and stored at room temperature.
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11. Glycerol/methanol solution for application under the 
cooling plate during IEF.
50% (v/v) glycerol solution in 5% (v/v) methanol
solution.
12. Preparation of the colloidal gold staining solution. 
Based on the method of Riches e_t aT., (1986).
Solutions required
a. 1% (w/v) of tetrachloroauric acid trihydrate in
distilled water. Stored in a dark container and kept 
in a cool place.
b. 1% (w/v) of stannous chloride. This was prepared
freshly by dissolving O.lg of stannous chloride in 
0.4ml of 1M hydrochloric acid and then made up to a 
final volume of 10 ml with distilled water.
c. 1% (w/v) of citric acid in distilled water prepared 
freshly.
d. Tween 20 undiluted reagent.
Procedure.
370ml of distilled water and 7.5ml of 1% (w/v)
tetrachloroauric acid solution were placed in a dark 
container and then 2.5ml of 1% (w/v) stannous chloride 
solution was added, dropwise, with gentle stirring. 
Then, 110ml of 1% (w/v) citric acid solution and
12.5ml of Tween 20 were added, a few ml at a time with 
constant shaking and the shaking continued for a 
further 30 minutes and finally left to stand overnight 
in a dark place. Next, 25g of anhydrous citric acid 
was added slowly, mixing between additions. Then 2g of
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sulphosalicylic acid was added with shaking to 
dissolve. The colloidal gold stain was then left to
stand in the dark for a further 24 h before use. It
was stored for up to 4 weeks in the dark in a cool 
place. Glassware used for the preparation of the 
colloidal gold stain was used solely for this purpose.
13. Blocking solution for protein transfer membranes
1% (w/v) dried skimmed milk dissolved in PBS and
stored for no more than 24 h at 4°C.
14. Antibody dilution solution
0.2% (v/v) dried skimmed milk solution prepared by
diluting the blocking solution 1 in 5 with PBS. This
was prepared immediately before use.
15. Buffer solution for donkey anti-sheep alkaline 
phosphatase conjugate
1.02g of 2-amino-2-methyl-l,3-propanediol and lmg of 
magnesium chloride dissolved in distilled water and 
made up to a final volume of lOOmls. Stored at room 
temperature.
16. Colour reagent for alkaline phosphatase conjugate
18ml of the alkaline phosphatase substrate solution, 
2ml of nitrobluetetrazolium (lmg/ml in alkaline 
phosphatase substrate) and 0.2ml of 5-bromo-4-chloro- 
3-indolyl phosphate (5mg/ml in dimethylformamide). 
This was prepared immediately before use.
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2.3. METHODS.
2.3.1. The measurement of total protein concentration in 
cerebrospinal fluid.
Principle of the method. (Bio-Rad protein assay kit)
The assay was carried out using the Bio-Rad protein assay 
kit which is based on the binding of Goomassie brilliant 
blue G-200 dye to protein to form a blue dye-protein 
complex.(Bradford 1976)
Reagents.
a) Protein assay dye reagent concentrate. Used as 
supplied.
b) 0.9% (w/v) sodium chloride solution.
Stock protein calibrant.
Human serum for intralaboratory quality control (assigned 
value 63.1g/l), was reconstituted with 10ml of distilled 
water, mixed and left for at least 30 minutes before use 
as instructed by the manufacturers.
Working calibrants.
Stock protein calibrant was diluted 1 in 50 with 0.9% 
(w/v) sodium chloride solution to give a top standard 
value of 1262mg/l. This was further diluted 1 in 2, 1 in 4 
and 1 in 8 to give standards of 631mg/l, 316mg/l and
158mg/l respectively. The working standards were stored at 
4°C.
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Cerebrospinal fluid control total protein.
The cerebrospinal fluid total protein control was 
reconstituted with 3ml of distilled water, mixed and left 
for 10 minutes before use as instructed by the 
manufacturers. It was stored at 4°C.
Test procedure.
20ul volumes of sample, standards and control were 
pipetted into small clean test tubes. Then, 1ml of 0.9% 
(w/v) sodium chloride solution was added followed by 200ul 
of dye reagent concentrate. A reagent blank was prepared 
by mixing 1ml of 0.9% (w/v) sodium chloride solution with 
200ul dye reagent concentrate. The tubes were mixed and 
the optical densities read at 595nm after 5 minutes, or up 
to lh.
A calibration curve of optical density versus total 
protein concentration was plotted and unknown results read 
off this curve.If necessary, cerebrospinal fluid samples 
with raised total protein concentrations were diluted with 
0.9% (w/v) sodium chloride solution and re-assayed.
2.3.2. The immunoturbidimetric measurement of IgG in 
cerebrospinal fluid using the Cobas Bio 
centrifugal analyser.
Principle of the method (in house method).
The IgG present in the cerebrospinal fluid was determined 
by measuring the amount of turbidity formed between 
specific antigen (cerebrospinal fluid-IgG) and antibody 
(anti-human IgG). Since the absorbance was not directly 
proportional to the antigen concentration the values were
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determined from a standard curve formed from a series of 
calibrant dilutions of known values. This was achieved by 
using the facility of the Cobas Bio centrifugal analyser 
to use data evaluation of non-linear standard curves 
(DENS) which prints out the results automatically, in the 
units that have been programmed (mg/1).
Reagents•
a) Anti-human IgG (heavy chain specific) batch number 
HP/S/6/III, from Guildhay Antisera Ltd.,Guildford, 
Surrey, UK. This antiserum was diluted 1 in 41 with a 
solution of PBS containing 4% (w/v) PEG and 0.1% (w/v) 
sodium azide and stored at 4°G. Any precipitate that 
formed during storage was removed by centrifugation 
immediately before use.
b) IgG protein calibration standards.
A set of five calibration standards were prepared by 
diluting SPS-01 protein calibrant, from Protein 
Reference Unit, Royal Hallamshire Hospital, Sheffield, 
UK., in PBS solution containing 0.1% (w/v) sodium
azide to provide a range of IgG standards from 10- 
100mg/l. The standards were stored at 4°C.
c) A control was prepared by diluting SPS-01 protein 
calibrant in PBS containing 0.1% (w/v) sodium azide 
and stored at 4°C.
Test procedure.
The standards, control and samples were placed in the
Cobas Bio plastic sample cups. These were positioned on 
the instrument rotor so that:-
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Positions CS to 5 took the standards 1-6 in ascending
concentration.
Position 6 took the control.
Positions 7 to 24 took the samples.
Sufficient diluted anti-human IgG was placed in the
primary reagent cavity of the reagent boat on the Cobas
Bio. The volume of diluted anti-IgG required was 
calculated as the number of tests multiplied by 0.28 plus
0.6ml.
The Cobas Bio centrifugal analyser was then programmed
using the parameter settings as shown in Table 2.1. Any
samples that had an IgG concentration greater than 100mg/l 
were diluted in a solution of 0.9% (w/v) sodium chloride 
and re-measured.
The cerebrospinal fluid IgG assay performance using this 
method was:-
Within batch precision (n=20) CV=0.93%
Between batch precision (n= 6) CV=1.21%
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TABLE 2.1.
PROGRAMMING THE COBAS BIO CENTRIFUGAL ANALYSER FOR THE 
MEASUREMENT OF CSF IgG CONCENTRATION.
Parameter number CSF IgG Assay
1. UNITS 6
2. CALC FACTOR 1000
3. STANDARD 1 CONC
STANDARD 2 CONC Enter values of
STANDARD 3 CONC standards in
STANDARD 4 CONC 
STANDARD 5 CONC
ascending order
STANDARD 6 CONC 0
4. STANDARD 2 CONC Not applicable
5. STANDARD 3 CONC Not applicable
6 • LIMIT 0
7. TEMPERATURE 25 C
8. TYPE OF ANALYSIS 7.5
9. WAVELENGTH (nm) 340
10. SAMPLE VOLUME (ul) 30
11. DILUENT VOLUME (ul) 15
12. REAGENT VOLUME (ul) 280
13. INCUBATION TIME 0
14. START REAGENT VOLUME 0
15. TIME OF FIRST READING (sec) 0.5
16. TIME INTERVAL (sec) 300
17. NUMBER OF READINGS 2
18. BLANKING MODE 1
19. PRINTOUT MODE 1
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2.3.3. Preparation of immobilised pH gradient gels.
2.3.3.1.
Preparation of the immobilised pH gradient gel solutions.
The immobilised pH gradient was formed by mixing 7.5ml of 
each of two separately prepared gel solutions using the 
gradient maker to fill the gel cassette. The gel solutions 
were prepared as given in Table 2.2.
The gel solution with the least concentration of sorbitol 
in (light gel solution pH 7) was placed in the reservoir 
chamber and then the control valve of the gradient maker 
was opened slightly to allow the air bubble to be removed. 
Then, the gel solution with the greatest concentration of 
sorbitol (dense gel solution pH 10) was placed into the 
mixing chamber with the outlet closed. The gradient maker 
was then placed on a magnetic stirrer making sure that it 
was on a level surface.
A stir bar was placed in the mixing chamber and the volume 
compensating stick supplied with the gradient maker was 
placed in the reservoir. This ensured that both solutions 
occupied the same volume and that their surfaces were at 
the same level.
Carrier ampholytes, were then added to each chamber at a 
final concentration of 0.2% (v/v). The carrier ampholyte 
solution was prepared by mixing together equal volumes of 
the pH 7-9 and pH 9-11 stock ampholyte solutions. Then, 6 
ul of freshly prepared ammonium persulphate solution was 
pipetted into each gel solution. The magnetic stirrer was 
switched on and the apparatus was then ready for gel 
casting (Fig 2.2.).
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FIG 2.2. CASTING AN IMMOBILISED pH GRADIENT.
- 2
1. Volume compensating stick
2. Reservoir chamber
3. Control valve
4. Magnetic stirrer
5. Stir bar
6. Mixing chamber
7. Peristaltic pump
8. Well formers
9. Gel cassette.
TABLE 2.2
COMPOSITION OF THE LIGHT AND DENSE GEL SOLUTIONS USED TO 
MAKE THE IMMOBILISED pH GRADIENT.
Light gel solution 
pH 7
Dense gel solution 
pH 10
Immobiline pK 3.6 220 ul —
Immobiline pK 7.0 189 ul 162 ul
Immobiline pK 8.5 175 ul 175 ul
Immobiline pK 9.3 - 170 ul
Tween 20 solution 2.0 ml 2.0 ml
Sorbitol solution 1.0 ml 3.8 ml
Acrylamide solution 1.0 ml 1.0 ml
TEMED 3 ul 3 ul
Distilled water to 7.5 ml to 7.5 ml
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2.3.3.2. Casting the immobilised pH gradient gel.
Gels were cast onto plain glass plates (260 x 125mm) which 
had been treated with Bind-silane solution to ensure a 
good adhesion of the gel to the glass surface. The 
corresponding U-frame (0.5mm) was treated with Repel- 
silane to prevent the gel from sticking to this surface. A 
row of 22 Dymotape well formers (7 x 2 x 0.25mm) were 
placed at a distance of 25mm from the side to be the 
anode. The gel cassette was then clamped together with 
metal clips and the gel solution pumped in whilst being 
mixed together in the gradient maker.The peristaltic pump 
speed was adjusted to deliver the gel into the cassette 
over a period of 5 min. The gel was then allowed to stand 
undisturbed for a further 5 min to allow any 
irregularities in the density gradient to smooth out.After 
this, the gel was placed in an oven at 50°C for lh to 
polymerise. The cassette was removed from the oven and was 
then ready for immediate use or could be stored in a 
refrigerator at 4°C for 24h without any deterioration in 
performance.
2.3.4. Sample preparation.
Samples of serum and cerebrospinal fluid were stored if 
necessary at 4°C for up to 1 week or for up to at least 4 
weeks with the addition of sodium azide at a final 
concentration of 0.1% (w/v).
The concentration of IgG present in the cerebrospinal 
fluid was measured by immunoturbidimetry using a COBAS BIO 
centrifugal analyser. A volume of cerebrospinal fluid that 
contained about O.lug of IgG was then applied to the gel. 
Any dilutions necessary were made with distilled water.
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Serum samples were diluted 1 in 200 with distilled water 
and 2ul of each dilution were applied to the gel.
Isoelectric point marker proteins, lactic dehydrogenase 
(pi 8.2, 8.4 and 8.6), trypsinogen (pi 9.3) and cytochrome 
c (pi 10) were applied to the gel at a concentration of 
2ug. The isoelectric point calibration set markers were 
reconstituted with lOOul of distilled water, as instructed 
by the manufacturers and 3ug applied to the gel.
All samples were applied to the gels using a positive
displacement pipette with an adjustable volume setting of
0.5, 1, 2 or ul.
2.3.5. Isoelectric focusing conditions.
The anode electrofocusing wick was impregnated with the 
HEPES buffer electrolyte and the cathode wick with sodium 
hydroxide electrolyte. Excess electrolytes were removed by 
blotting with filter paper.The glass plate with the
immobilised pH gradient attached was placed in the 
electrophoresis unit on top of the cooling platen. A 
solution of glycerol/methanol was used to eliminate the
air between the glass plate and the cooling platen to
ensure adequate cooling during the electrofocusing.
The anode and cathode wicks were then placed on the gel 
surface at their respective ends, HEPES at the anode (pH 
7) and NaOH at the cathode (pH 10). The electrodes were 
then aligned directly over the wicks and then carefully 
laid on top of them. The cooling platen was attached to 
the cold water supply to cool the gel during the 
isoelectric focusing.
A prefocus isoelectric focusing run of 30 min duration was 
applied by setting the MacroDrive5 power supply to deliver
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1750V, 30mA and 10W. The prefocus stage was necessary to 
remove the charged ionic material from the immobilised pH 
gradient by electrophoretic migration out of the 
separation gel and into the wicks. By using 
electrophoresis, the unwanted anions migrated out of the 
gel and into the cathode wick and the cations into the 
anode wick.
After the prefocus, the samples were applied to the 
precast wells in the immobilised pH gradient. A dry filter 
paper strip was then placed on each end of the gel, 
adjacent to the wick in order to drain away any surface 
water that collects on the gel at the electrodes (FIG.
2.3). Isoelectric focusing was then carried out for 2h 
with the power supply reset to deliver 5000V, 3mA and 10W.
2.3.6. Protein transfer (Western blotting).
Blotting was carried out using polyvinylidenedifluoride 
(PVDF) membranes cut to the appropriate size. The 
membranes were wetted with methanol, immersed in distilled 
water and finally soaked in PBS. The membranes were 
carefully laid on the gel surface without trapping any air 
bubbles underneath and then covered with a sheet of filter 
paper moistened with PBS. A layer consisting of several 
sheets of dry filter papers was placed on top followed by 
a glass plate. A 2kg weight was then applied and capillary 
transfer of the proteins from the immobilised pH gradient 
to the PVDF membrane was carried out for 1 h. The filter 
papers were removed, the gel was then submerged in 
distilled water and the PVDF membranes were peeled off the 
gel.
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FIG 2.3
PLAN SHOWING THE LAYOUT OF THE IMMOBILISED pH 
GRADIENT WITH DRAINAGE WICKS IN PLACE TO ABSORB 
WATER FROM THE GEL.
FILTER PAPER DRAINAGE WICK
CATHODE ELECTRODE WICK
GEL 
SAMPLE WELLS
ANODE electrode wick
FILTER PAPER DRAINAGE WICK
The diagram is not to scale
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2.4. RESULTS.
2.4.1. Immobilised pH gradient gels run with and without 
carrier ampholytes.
When immobilised pH gradient gels were prepared without 
the addition of any carrier ampholyte it was found that 
the alkaline oligoclonal IgG migrated towards the cathode 
in the form of streaks and no resolution was obtained (FIG
2.4). However, when carrier ampholytes were added to the 
gel this problem was completely overcome. (FIG 2.4)
Various concentrations* of carrier ampholyte were added to 
the gels ranging from 0.1%(v/v) to l%(v/v) but it was
found that as the concentration of carrier ampholyte was 
increased this led to the formation of artefactual bands 
(FIG 2.5) which in turn caused ambiguities in the 
interpretation of the protein patterns.
The best concentration of carrier ampholyte to add was
found to be 0.25%(v/v) which was sufficient to prevent the 
proteins from streaking during isoelectric focusing but 
was not enough to cause a major problem with the formation 
of artefacts.
%
Initially, attempts were made to introduce the carrier 
ampholytes into the immobilised pH gradient by preparing 
the protein samples in solutions of carrier ampholytes
ranging from between 5 to 10%v/v and also by impregnating 
the electrode wicks with similar solutions of carrier
ampholytes. However, neither of these methods were as 
successful as the addition of carrier ampholytes directly 
in the gel prior to polymerisation which resulted in them 
being more evenly spread throughout the gel.
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FIG 2.4
ISOELECTRIC FOCUSING USING AN IMMOBILISED pH 
GRADIENT WITH AND WITHOUT CARRIER AMPHOLYTES
a) b)
S C
7.5
7.0 L
pH C S C 3
Immunoblot with a PVDF membrane from an immobilised 
pH gradient gel (a) without carrier ampholyte and 
(b) containing 0.2% v/v carrier ampholyte. Two pairs 
of matched serum (S) and CSF (C) from the same 
patient known to contain intrathecaliy synthesized 
alkaline oligoclonal IgG. Total amount of IgG in 
each sample is 0.1 ug. Detection is with sheep anti­
human IgG, followed by donkey anti-sheep alkaline 
phosphatase conjugate and enhanced with Nitroblue 
Tetrazolium.
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FIG 2.5
THE FORMATION OF ARTEFACTUAL BANDS AFTER ISOELECTRIC 
FOCUSING IN THE PRESENCE OF 1% V/V CARRIER AMPHOLYTE
Jo.
Iminunoblot with a PVDF membrane from an immobilised 
pH gradient gel containing 1% v/v carrier 
ampholytes. A,B,C,D,E,G,H and I are samples of 
normal CSF from different patients. Sample F 
contains alkaline oligoclonal IgG bands. Artefactual 
bands are present in all samples due to electro- 
focusing of carrier ampholytes. Total amount of IgG 
is 0.1 ug. Detection is with sheep anti-human IgG, 
followed by donkey anti-sheep alkaline phosphatase 
conjugate and enhanced with Nitroblue Tetrazolium.
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Another advantage that resulted in the addition of carrier 
ampholytes to the gel was that it increased the electrical 
conductivity of the gel thereby decreasing the time 
required for focusing to be completed.
2.4.2. Standardisation of the pH gradient range.
In order to prepare the pH gradient range accurately it 
was necessary to check the pH of the starting solutions 
used to prepare the immobilised pH gradient ie. light pH 7 
solution and dense pH 10 solution. The pH of each of these 
solutions is determined by the amount of each of the 
Immobiline solutions that are mixed together.
Initially, the volumes of the individual Immobiline 
solutions used were the same as given by the manufacturers 
of the Immobilines (High resolution analytical 
electrofocusing in polyacrylamide gels with Immobiline pH 
gradients, Application note 324, Pharmacia/LKB, Hilton 
Keynes, UK.) However, it was found that these volumes of 
Immobilines did not produce the required pH values when 
checked with a pH meter. The way in which this was 
overcome was to adjust the Immobiline mixture for pH 7 by 
titrating it with Immobiline pK 3.6 solution to obtain the 
correct pH. Similarly, the pH 10 Immobiline mixture was 
titrated with Immobiline pK 9.3 solution to obtain the 
correct pH value. The volumes of the various Immobiline 
solutions required are shown in (Table 2.2).
2.4.3. Stability of the pH gradient during isoelectric 
focusing.
It was found that the time required for isoelectric 
focusing to complete was 2h. The time required to 
completely focus the proteins that were used as 
isoelectric point markers was not as long as for the
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oligoclonal IgG bands in cerebrospinal fluid. This was 
probably because the molecular size of the oligoclonal IgG 
was greater than the isoelectric point marker proteins and 
therefore, its electrophoretic mobility was retarded by 
frictional forces as it migrated through the pores of the 
polyacrylamide gel.
Complete focusing was judged to have occurred when the 
protein patterns obtained by applying identical samples at 
opposite ends of the gel had reached identical positions, 
ie. their respective isoelectric points.
When an immobilised pH gradient was subjected to 
isoelectric focusing for a prolonged time of up to 5h the 
protein patterns obtained were exactly the same as they 
were after 2h isoelecric focusing. Close examination of 
patterns containing proteins with high isoelectric points 
did not show any evidence of cathodic drift there being no 
difference between the pattern obtained at 2h and 5h 
isoelectric focusing.
Although it was essential to add a small amount of carrier 
ampholyte to an immobilised pH gradient to prevent 
cerebrospinal fluid IgG from streaking during isoelectric 
focusing, in this situation, the carrier ampholytes are 
unable to drift towards the cathode. This is because the 
individual components of the carrier ampholytes also focus 
at their relative isoelectric point which is set by the 
immobilised pH gradient. As a result, even the most 
alkaline carrier ampholyte was stable with time.
2.4.4. Stability of the pH gradient after the completion 
of isoelectric focusing.
It was also found that the pH gradient was very stable 
even when the isoelectric focusing run had been finished
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and the electrical power supply had been switched off. The 
focused proteins remained as very well resolved and tight 
bands in the immobilised pH gradient for up to 16h without 
any loss of definition to the pattern (FIG 2.6). This was 
probably because the focused bands were tightly held at 
their isoelectric point within the immobilised pH gradient 
and thus unable to diffuse and also immobilised when bound 
to the PVDF membrane.
2.4.5. Standardisation of pH gradient linearity.
The linearity of the pH gradient was checked with the use 
of commercially available isoelectric point marker 
proteins with known isoelectric points. These were lactic 
dehydrogenase (pi 8.2, 8.4 and 8.6), trypsinogen (pi 9.3) 
cytochrome c (pi 10) and the isoelectric point calibration 
kit supplied by Pharmacia/LKB (see section 2.2.2.).
The protein patterns obtained with lactic dehydrogenase 
and the isoelectric point calibration set were much more 
complicated than suggested by the manufacturers. This was 
probably due to the much higher resolution obtained using 
this isoelectric focusing method together with the very 
sensitive detection method employing protein transfer onto 
PVDF membranes followed by colloidal gold staining.
Linearity of the pH gradient was confirmed by plotting the 
distances migrated by the marker proteins against their 
respective quoted isoelectric point values. (FIG 2.7)
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FIG 2.6
STABILITY OF THE IMMOBILISED pH GRADIENT AFTER THE 
COMPLETION OF ISOELECTRIC FOCUSING
pH 10
pH 7
A B C D
Two samples of CSF containing alkaline oligoclonal 
IgG bands run simultaneously on an immobilised pH 
gradient gel, pH 7-10. Immunoblots with PVDF 
membranes taken after capillary blotting at (A)
20 min, (B) 40 min, (C) 80 min and (D) 16 h. Total 
amount of IgG applied is 0.1 ug. Detection is with 
sheep anti-human IgG, followed by donkey anti-sheep 
alkaline phosphatase conjugate and enhanced with 
Nitroblue Tetrazolium.
FIG 2.7
CALIBRATION OF THE IMMOBILISED pH GRADIENT USING 
PROTEINS WITH KNOWN ISOELECTRIC POINTS
10
80 10020 40 60
DISTANCE FROM ANODE (mm)
1. Horse myoglobin pi 7.3
2,3,4. Lactic dehydrogenase isoenzymes
pis 8.2, 8.4, 8.6.
5. Trypsinogen pi 9.3
6. Cytochrome C pi 10.2
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2.4.6. Reproducibility of the immobilised pH gradient.
The reproducibility of the immobilised pH gradient was 
checked by running lactic dehydrogenase and the 
isoelectric point calibration kit marker proteins with 
each isoelectric focusing experiment. The consistent 
protein patterns obtained (FIG 2.8) using these marker 
proteins confirmed that there was reliable inter gel pH 
gradient reproducibility.
2.4.7. Removal of surface water at the electrodes during
isoelectric focusing.
• ■
During isoelectric focusing, water formed on the gel 
surface and collected at both the anode and the cathode 
electrodes. More water was produced at the anode than at 
the cathode which saturated the anode wick and then leaked 
round the sides of the gel and could cause an electrical 
short circuit between the electrodes. As a result, less 
current flowed through the gel which increased the 
focusing time and also caused excessive heating at the 
edges of the gel causing it to burn.
These problems were overcome by applying lengths of filter 
paper, adjacent to * the electrode wicks, to act as a 
drainage system (FIG 2.3).
2.4.8. Standardisation of sample application.
The amount of IgG applied for isoelectric focusing using 
this method that consistently gave the best 
electrophoretic patterns for interpretation was about 
0.lug. For most cerebrospinal fluid samples, this 
represents a volume of 2ul. Samples with high IgG 
concentrations were diluted with distilled water.
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FIG 2.8
ISOELECTRIC FOCUSING OF PROTEINS USED TO CALIBRATE 
THE IMMOBILISED pH GRADIENT
10.01
9.5-
9.0
8.5-
8.0-
7.5-
7.0- 
PH
Immunoblot with a PVDF membrane of isoelectric point 
calibration marker proteins run on an immobilised pH 
gradient gel, pH 7-10, (A) lactic dehydrogenase,
2 ug, and (B) high isoelectric point calibration set 
marker proteins, 3 ug, Pharmacia(LKB). Staining is 
with colloidal gold solution.
A B
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The corresponding serum samples were diluted 1 in 200 with 
distilled water and for most sera a volume of 2ul 
contained roughly O.lug. Again, sera with high
concentrations of IgG were further diluted with distilled 
water.
It was found that it was important to apply equal amounts 
of IgG from cerebrospinal fluid and serum because it was 
then easier to distinguish between IgG bands present in 
the cerebrospinal fluid that were not present in the 
corresponding serum. This was important for the 
identification of intrathecally synthesized IgG bands.
The best results for the various isoelectric point marker 
proteins were obtained by applying 2ug whereas for the 
isoelectric point calibration set 3ug was more
appropriate.
Various methods of applying the sample proteins were
tried. These included, impregnating filter paper strips 
with sample and then placing these on the gel surface, 
direct application on the gel surface, using plastic 
application foils and wells precast in the gel during 
polymerisation. Of these, the best results were obtained 
using the precast wells.
It was also observed that separations were not improved 
when the samples were prepared in solutions of carrier 
ampholytes 0.5%(v/v) or in 8M urea which are reagents 
commonly used to enhance the solubility of proteins.
2.4.9. Standardisation of electrofocusing conditions.
It was found that immobilised pH gradients had to be given 
a prefocus run in order to remove the unwanted charged 
ionic material such as the catalysts used for gel
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polymerisation and any non-incorporated Immobilines. These 
were removed electrophoretically and as they migrated 
through the gel during the prefocus, a small ridge formed 
in the gel surface that migrated towards the anode and 
finally disappeared into the wick. At this point, the 
prefocus run was complete and had taken 30 min.
During the prefocus run, the voltage increased from 450V 
at the start, to the maximum preset reading of 1750V. At 
the same time, the current dropped from 20mA at the
begining of the run to only 1mA after 30min (FIG 2.9). 
This coincided with the disappearance of the ridge and 
unwanted ionic material from the gel.
When samples were applied without the prefocus run or at a 
time before the ridge and unwanted ionic material had been 
removed from the gel the proteins did not separate well 
and the resolution was also poor. Indeed, by using the
coloured protein isoelectric point marker protein, 
cytochrome c, it was possible to observe that when the 
advancing ridge met the cytochrome c that had started to 
move towards the cathode the protein suddenly changed 
direction and moved ahead of the ridge and into the anode 
wick.It was therefore, essential not to apply any samples 
until the ridge had migrated into the wick.
After the samples had been applied and during the focusing 
stage, with the current set at a maximum of 3mA, the 
voltage increased rapidly to reach the maximum that the
power unit could generate, namely, 5000V. At the same time 
the power increased from 4.5W at the start of
electrofocusing and then increased up to a preset maximum 
of 10W.
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FIG 2.9
VARIATIONS IN THE CURRENT AND VOLTAGE DURING 
ISOELECTRIC FOCUSING IN AN IMMOBILISED pH GRADIENT
V (thousands) mA
10
0 20 40 60 80 100 120 140 160
Time (min)
Current (mA) —I— Volts
Horizontal arrow denotes the prefocus run. 
Vertical arrow denotes sample application time
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At the end of the isoelectric focusing run, which lasted 
for 2h, the current had dropped to around 2 mA. The 
electrical field strength across the gel for the period of 
time after the voltage of 5000 had been reached was 500 
V/cm. The extremely high field strength achieved by this 
method, in conjunction with the immobilised pH gradient, 
are important factors for the high resolution obtained. It 
can be seen from (FIG 2.9.) that the electrical parameters 
had reached a steady state at around 50min after the 
samples had been applied and that for the next 70min of 
isoelectric focusing the conditions had stabilised at 
5000V and 1.9mA.
It was found that by limiting the current to 3mA during 
isoelectic focusing that the sample tracks remained 
perfectly straight, whereas, the use of higher currents 
caused the tracks to become skewed especially at the edges 
of the gel.
2.4.10. Standardisation of protein transfer from the gel 
to the PVDF membrane.
The first protein transfer experiments using this method 
were carried out using nitrocellulose membranes. However, 
it was found that these membranes stuck to the surface of 
the polyacrylamide gel during the blotting stage and were 
then difficult to remove for the subsequent protein 
visualisation. The addition of Tween 20 to the composition 
of the immobilised pH gradient helped to overcome this 
problem but even so there was still a tendancy for the 
nitrocellulose to adhere to the gel at times.
The introduction of PVDF membranes as an alternative to 
nitrocellulose was successful in completely overcoming the 
problem of the transfer membrane sticking to the 
polyacrylamide gel. Nonetheless, the addition of Tween 20
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to the gel was retained as a safeguard. These membranes 
were more robust than the nitrocellulose ones and there 
was never any damage to the membranes due to tearing. It 
was found that blotting with PVDF membranes resulted in 
more protein being transfered from the gel than occurred 
with nitrocellulose.
Protein transfer was achieved by capillary blotting and it 
was found that progressively more protein was transferred 
from the gel to the PVDF with time (FIG 2.6). The actual 
amounts of protein were not known but even at 20 min 
blotting gave the characteristic banding pattern. 
Generally, blotting was carried out for ih which enabled 
an experiment to be carried out within a working day. When 
it was neccessary to transfer the maximum amount of 
protein to the PVDF blotting could be carried out 
overnight without any risk of the membranes sticking to 
the gel surface.
Most importantly, there was no diffusion of the focused 
proteins during blotting over long periods of time (up to 
16h) and ,therefore, the very highly resolved protein 
bands produced by this method, remained as tight bands 
with no loss of definition (FIG 2.6)
2.4.11. Use of washed gels versus unwashed gels for 
isoelectric focusing.
Most of the publications that have described the use of 
isoelectric focusing with immobilised pH gradients for the 
separation of various proteins have used gels that have 
been washed in distilled water to remove the non 
incorporated salts. After this the gels were dried and 
then subsequently rehydrated in the appropiate buffer 
solutions prior to use.In this project however, the gels
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were not washed and were used immediately after removing 
them from the gel casting cassette.
An advantage of the use of gels that had not been washed 
was that the samples migrated in straight tracks and 
separated as discrete bands during isoelectric focusing. 
This was in contrast to separations carried out with 
washed gels in which the protein bands spread lateraly and 
merged together. This was due to the ionic strength of the 
gel being lower than that of the applied sample.
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2.5. DISCUSSION.
The use of immobilised pH gradients for the 
electrophoretic analysis of proteins in cerebrospinal 
fluid has not yet been fully exploited and only one 
previous paper appears to have been published on this work 
(Pirttila jet al., 1988). These workers used immobilised pH 
gradient gels that were washed in distilled water to 
remove the non-incorporated salts before use. The gels 
were then dried and subsequently rehydrated in distilled 
water. No prefocus isoelectric focusing was used. After 
isoelectric focusing using unconcentrated cerebrospinal 
fluid and corresponding serum, however, they found that 
the results were bad with lateral spreading of protein 
bands, distortion of protein migration due to skewed 
separation tracks and poor focusing. Results were improved 
by the addition of 0.5%(v/v) carrier ampholytes and 
20%(v/v) glycerol to the rehydration solution.
By contrast, the gels used in this project were not washed 
but were used immediately after removing them from the gel 
casting cassette. This minimised the time that the pH 
gradient was exposed to the air and thereby avoided the 
absorption of atmospheric carbon dioxide which would 
decrease the alkaline buffering capacity of the pH
gradienf. These unwashed gels gave perfectly straight 
protein tracks after isoelectric focusing with discrete 
bands and no lateral band spreading. Another advantage 
obtained with unwashed gels was that the sorbitol density 
gradient used to form the immobilised pH gradient was 
retained within the gel. This was important, because the
presence of the high concentration of sorbitol (30%w/v) in
the gel at the cathodic end acted as a conductivity 
quencher (Gelfi e_t al., 1987), which reduced the amount of 
electroendosmotic flow of water to the anode. The
conductivity quenching effect of sorbitol was necessary in
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order to reduce the high conductivity that occurred at the 
extreme alkaline region of the pH gradient due to the net 
positive charge acquired by the gel matrix at pH 10 
(Righetti 1988),
Pirttila ejt <al., (1988) reported a major problem in their 
system during isoelectric focusing due to the exudation of 
water on the gel surface close to the cathode. This
apparently resulted in severe disturbances of the
isoelectric focusing pattern in a large part of the
alkaline pH range. The amount of water was reduced,
however, by rehydrating the gels with a linear 20-60%(v/v) 
glycerol density gradient (from anode to cathode). They 
found that the high concentration of glycerol in the 
cathodic part of the gel decreased the band sharpness. 
With the technique employed here, some water collected on 
the surface of the gel predominantly at the anode. This 
was completely drained away from the gel using filter 
paper soakaways. As a result, the isoelectric focusing 
patterns of the most alkaline cerebrospinal fluid proteins 
were not impaired.
In the isoelectric focusing system described by (Pirttila 
et al., 1988),it was found that when unconcentrated
cerebrospinal fluid was used the isoelectric focusing 
patterns were poor but they were improved if the 
cerebrospinal fluid was first concentrated and then 
rediluted at a ratio of 1:1 with distilled water. However, 
in this project, the use of unconcentrated cerebrospinal 
fluid has not presented any problems with respect to the 
separation of alkaline oligoclonal IgG bands. This was 
important because the procedure of concentrating 
cerebrospinal fluid causes alterations to the protein 
content of the fluid (Cunningham 1964).
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Initially, in this study the immobilised pH gradients were 
cast on commercially available plastic film (GelBond PAG, 
Pharmacia/LKB) but it was found that the alkaline gels 
would not adhere reliably to the plastic. As a result it 
was decided to dispense with the GelBond PAG support and 
cast the gels onto a plain glass plate which had been 
previously coated with a solution of Bind-silane which 
promoted adherance of the gel to the glass surface.
Interestingly, it has recently been shown that the GelBond 
PAG used as a support for acrylamide gels may provoke 
streaking and trailing of protein bands during isoelectric 
focusing with immobilised pH gradients (Ostergren e_t al.,
1988). Generally, this phenomonen could be overcome, 
according to the authors, by either washing the film in 
distilled water before use or by the addition of l%(v/v) 
carrier ampholytes to the gel. Immobilised pH gradients 
cast on glass plates coated with Bind-silane did not 
exhibit these defects.
Findings in this study are in agreement with those 
reported by (Pirttila e_t al., 1988) in as much as it was 
necessary to add some carrier ampholyte to the gel to 
prevent the IgG bands from migrating as streaks with no 
resolution. In this study, carrier ampholyte was added to 
the gel at a final concentration of 0.2%(v/v), whereas, 
(Pirttila e_t al., 1988) rehydrated gels in a solution
containing 0.5%(v/v) carrier ampholytes.
Early in this study, attempts were made to introduce the 
carrier ampholytes into the gel by preparing the protein 
samples in solutions of carrier ampholytes ranging from 
between 5-10%(v/v) and also by impregnating the electrode 
wicks with similar solutions of carrier ampholytes. 
However, neither of these methods were as successful as 
the addition of carrier ampholytes directly in the gel
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prior to polymerisation which resulted in a more even 
spread throughout the gel.
Unfortunately, it has recently been discovered (Righetti 
1987), that the alkaline Immobilines (pK values 7.0, 8.5 
and 9.3) exhibit substantial hydrophobicities when they 
are grafted onto the polyacrylamide gel. This can lead to 
protein smearing, aggregation of proteins and also 
precipitation, depending on the nature of the protein 
being investigated. In order to overcome this problem, 
should it occur, the author recommends the addition of 
carrier ampholyte to the gel. It is suggested by (Righetti 
1987) that the carrier ampholytes (especially the alkaline 
ones) seem to act like shielding ions covering hydrophobic 
regions on the protein and also coating hydrophobic areas 
on the acrylamide gel matrix.
The electrofocusing including the prefocus run, used in 
this project only took a total of 2%h, which allowed 
sufficient time for an experiment to be completed in a 
working day. By contrast, the conditions used by (Pirttila 
et al., 1988) led to a total electrofocusing time of 16h, 
plus a further blotting time of 2h and then a further 5h 
for the immunochemical visualisation.
In this study, the protein patterns obtained after 
isoelectric focusing were transferred from the immobilised 
pH gradient onto PVDF membranes by the procedure of 
capillary blotting (Elkon 1984). However, capillary 
blotting is reported to be less efficient and takes longer 
than the alternative method of electroblotting (Towbin et 
al., 1979). In electroblotting the gel has to be removed 
from its supporting media (usually glass or plastic film) 
and then placed in the electroblotting apparatus so that 
an electric current can flow through the gel and transfer 
the proteins onto the blotting membrane by electrophoretic
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migration. Since the gel used in this work was only 0.5mm 
thick it was not possible to remove it from its support 
without tearing. The procedure of electroblotting could 
not therefore be used in this instance.
When the protein transfer characteristics of 
nitrocellulose and PVDF were compared it was found that 
the final stained protein patterns were much more 
sensitive using PVDF than with nitrocellulose. This is in 
agreement with the results published by (Nespolo at al.,
1989) who was able to show that the protein patterns of 
oligoclonal IgG in cerebrospinal fluid from multiple 
sclerosis patients were 16 times more sensitive using PVDF 
than with nitrocellulose.
During the standardisation of the capillary blotting 
procedure it was found that the length of the blotting 
time did not have any adverse effect on the final 
resolution of the separated protein bands. This is in 
contrast to other electrophoretic methods in which the 
separated bands begin to diffuse immediately after the 
electrical power supply has been switched off.
There are therefore, two advantages of using an 
immobilised pH gradient together with immunoblotting with 
PVDF membranes for the investigation of cerebrospinal 
fluid proteins. Firstly, the resolution obtained using 
narrow range pH gradients is extremely high which means 
that the limits of detection of proteins is very low. 
Secondly, the very high resolution thus obtained is 
perfectly maintained after the power supply has been 
switched off for up to at least 16 h during the blotting 
procedure (see FIG 2.6). This means that the maximum 
amount of protein can be transferred from the gel to the 
PVDF membrane without any risk of band diffusion 
occurring. This is particularly useful in the case of the
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relatively large oligoclonal IgG molecules (normal IgG is 
about 160 kD) that diffuse through the gel slower than 
small protein molecules such as albumin (69 kD),
In this study, it was not possible to determine the 
sensitivity of the visualisation procedures used to detect 
IgG bands in cerebrospinal fluid. This was because 
isoelectric focusing of IgG using a specific pH range of 
7-10 meant that not all of the total amount of IgG applied 
to the gel was separated. Any IgG molecules that had 
isoelectric points lower than 7 migrated into the anodic 
wick and were lost.
However, a guide towards the likely sensitivity achieved 
by this method for the detection of IgG bands can be 
obtained by comparison with previous results obtained in 
similar experiments. For example, it was found that 
Western blots treated with a primary antibody followed by 
treatment with alkaline phosphatase conjugated secondary 
antibody and then stained in 5-bromo-4-chloroindolyl 
phosphate substrate containing nitrobluetetrazolium, 
produced an intense blue/purple precipitate at the site of 
enzyme binding (Blake et al., 1983). The sensitivity of 
this protein detection system was in the order of picogram 
amounts. Similarly, it was shown (Nespolo ej: aJL. , 1989), 
that visualisation procedures that incorporated gold 
conjugated secondary antibodies for the detection of IgG 
bands in cerebrospinal fluid followed by silver staining 
which intensifies the gold signal (Moeremans et al., 
1984), also gave detection limits in picogram amounts.
Since the visualisation procedures used in this study are 
similar, it is realistic to assume that these also produce 
sensitivities in picogram amounts. Indeed, it is likely 
that the sensitivities are even lower due to the higher 
electrophoretic resolving power of the immobilised pH
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gradient compared to other isoelectric focusing methods 
that use carrier ampholytes to form the pH gradient.
The application of this isoelectric focusing method for 
the detection of very small amounts of protein that may be 
present in cerebrospinal fluid in a variety of 
neurological diseases appears to offer great potential for 
diagnosis and research in neuroscience.
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CHAPTER 3
APPLICATION OF ISOELECTRIC FOCUSIHG OF CEREBROSPINAL FLUID 
TO THE DIAGNOSIS OF MULTIPLE SCLEROSIS,
3.1.INTRODUCTION.
The detection of oligoclonal IgG bands in the CSF from 
patients with multiple sclerosis is important for the 
diagnosis of this disease. The rate of detection for these 
bands is influenced by the degree of resolution that can 
be achieved and also by the sensitivity of the method 
employed.
Most patients with clinically definite multiple sclerosis 
have an increase in the concentration of IgG in their CSF 
due to intrathecal synthesis within the central nervous 
system. In fact, by using the formula described by 
Tourtellotte and Ma (1978) the average synthesis rate of 
IgG in patients with multiple sclerosis was calculated to 
be approximately 30mgs/day and values of up to 207mgs/day 
were reported.
When the concentration of IgG in CSF is greatly increased, 
detection of oligoclonal bands can often be achieved using 
agar gel electrophoresis, especially if the CSF is 
concentrated beforehand (Link 1973, Papadopoulas ej: al., 
1984). However, in cases where the amounts of CSF IgG are 
very small, methods for the detection of oligoclonal 
bands become much more demanding. This is further 
complicated because research has shown that concentration 
procedures result in losses of proteins (Kleine and 
Stroh 1974), particularly of the basic immunoglobulins. 
These become stuck to the concentrating membranes and are 
lost which then interferes with the interpretation of the
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isoelectric focusing patterns. It is therefore, essential 
that unconcentrated CSF is used for the detection of
oligoclonal IgG bands, particularly for the detection of 
highly alkaline intrathecal IgG. Hence, it can be 
appreciated that the detection of minute amounts of IgG in 
unconcentrated CSF can only be achieved using a technique 
that provides extremely high resolution that will separate 
and maintain the proteins into very concentrated and well 
defined bands.
The potential high sensitivity of isoelectric focusing is 
further enhanced when it is used in conjunction with an 
immunoblotting protein visualisation system. In this way, 
it has been demonstrated that with the use of an enzyme 
labelled second antibody, the limits of detection for
oligoclonal IgG bands in CSF was in the order of picogram 
amounts (Nespolo ej: .al., 1989), see Chapter 2. section
2.5. In this respect, isoelectric focusing is now widely 
recognised as the method of choice for the detection of 
oligoclonal IgG bands in unconcentrated CSF (Kostulas e_t 
al., 1987; Walker e_t aj.., 1983, Thompson and Keir 1990).
In this study, the problem of the instability of an
alkaline pH gradient using carrier ampholytes has been 
overcome by the use of an immobilised pH gradient. This 
should allow better resolution of the alkaline intrathecal 
oligoclonal IgG bands to be obtained and as a result, 
lower detection limits should be possible, see Chapter 2. 
section 2.5.
It has been well documented that oligoclonal IgG bands 
have been detected in the CSF from patients with a variety 
of diseases other than multiple sclerosis. Some of these 
are inflammatory disorders of the central nervous system, 
the more common of which are subacute sclerosing 
panencephalitis, neurosyphilis, neuro-AIDS, neuro-Lyme
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disease and the Guillain Barre syndrome. The approximate 
incidence of the presence of oligoclonal IgG bands in 
these diseases is given as 100%, 95%, 80%, 80% and 60%,
respectively (Thompson and Keir 1990). Thus, it can be 
seen that the presence of oligoclonal IgG bands in CSF is 
not specific for the diagnosis of multiple sclerosis, 
although it is an indication of a neuroimmunological 
response.
In part, the lack of specificity could be explained as the 
result of a methodological problem, such as the formation 
of artefactual bands that could be mistaken for 
oligoclonal bands. This problem is especially true of
isoelectric focusing when carrier ampholytes are used to 
form the pH gradient. In this respect, it has been shown 
that not all the commercial sources of carrier ampholytes 
produce the same results and some produce more artefactual
bands than others (Keir e_t ajL., 1990). Bands caused by
artefacts, if misinterpreted, can therefore lead to false 
positive readings for the diagnosis of multiple sclerosis.
The use of negative control samples in the form of normal 
CSF and also serum that has been diluted 1 in 200 with 
distilled water, neither of which contain any oligoclonal 
IgG bands, helps to minimise the problem of identifying 
any artefacts.The specificity of isoelectric focusing for 
the diagnosis of multiple sclerosis may also be reduced if 
the presence of intrathecally synthesized IgG bands in the 
CSF are mistaken for IgG bands that have entered the CSF 
though the blood CSF barrier due to increased membrane 
permeability. This may well occur in inflammatory diseases 
of the central nervous system other than multiple 
sclerosis, such as the Guillo/n Barre syndrome, a viral 
polyneuropathy demyelinating disease. Clearly then, the 
criteria upon which the presence of intrathecally 
synthesized IgG bands are determined is important because
-75-
it is the unequivocal identification of intrathecal IgG 
that has been shown to be significant for the diagnosis of 
multiple sclerosis.
In this respect, most previous publications have 
recommended that the patients serum should always be 
examined simultaneously, since any monoclonal or 
oligoclonal IgG present in the serum may transudate into 
the CSF and such bands may be misinterpreted as 
intrathecal synthesis (Kostulas e_t al., 1987; Walker ejt 
al., 1983). Only IgG bands that were present in the CSF 
but absent from the corresponding serum were assumed to be 
due to intrathecal synthesis.
It has been reported that patients with multiple sclerosis 
synthesize some IgG that is highly alkaline compared with 
normal serum IgG (Tourtellotte e_t al*, 1982, Hosein and
Johnson 1981). Some workers have suggested that the 
appearance of highly alkaline intrathecal IgG in the CSF 
is particularly significant with respect to the diagnosis 
of multiple sclerosis (Delmotte and Gonsette 1977, 
Zaffaroni e_t al.., 1983). This work was carried out using 
the electrophoretic technique of capillary
isotachophoresis and the results suggested that the slow 
migrating (highly alkaline) IgG was rarely found in 
neurological diseases other than multiple sclerosis. This 
seems to suggest that the detection of highly alkaline IgG 
in CSF using isoelectric focusing in an immobilised pH 
gradient as described earlier in this thesis will improve 
the specificity of isoelectric focusing for the diagnosis 
of multiple sclerosis.
In addition to the expected improved specificity using an 
immobilised pH gradient, the fact that a significant 
difference in charge exists between intrathecal IgG and
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normal serum IgG molecules means that this characteristic 
could be used as a means of identifying intrathecal IgG,
In short, it may be appropriate to use the high 
isoelectric point of CSF IgG as an alternative means of 
identifying intrathecal synthesis.
The immunoglobulin light chain types of CSF oligoclonal 
IgG bands from patients with multiple sclerosis have been 
investigated by various workers (Vandvik 1977, Link and 
Laurenzi 1979, Laurenzi ejt al., 1980; Walker et al.,
1983.) It was found that some oligoclonal IgG bands 
consisted of type kappa light chain only, some type lambda 
only and some contained both types. The same investigators 
also agreed that the number of oligoclonal IgG bands with 
type kappa light chain predominated over those with type 
lambda in CSF from cases of multiple sclerosis.
By contrast, it was found that in infections of the 
central nervous system such as aseptic meningitis (Fryden 
and Link 1978) and Guillain Barre syndrome (Link e_t al., 
1979) for example, the majority of the oligoclonal IgG 
synthesized within the central nervous system was of light 
chain type lambda. These findings seem to suggest that the 
selection of the immune response to either kappa or lambda 
immunoglobulin light chains within the central nervous 
system depends on the aetiological agent involved.
Oligoclonal bands consisting of free light chains have 
also been found in the CSF of patients with multiple 
sclerosis and also infections of the central nervous 
system. Laurenzi ej: al. ,(1980), found free light chains, 
predominantly of type lambda in 8 out of 9 CSF samples 
from patients with multiple sclerosis. Bracco e_t al., 
(1987), however, found free light chains in 28 (87.5%) of 
32 multiple sclerosis patients, 3 with type kappa only, 10
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with lambda only and 15 with both. Most investigators now 
seem to agree that free light chains are present in the 
CSF of between 84% (Rudick et al., 1986) and 87.5% (Bracco 
et al,, 1987) of multiple sclerosis patients.
There has been doubt over whether free light chains are 
synthesized within the central nervous system or whether 
they are the result of the degradation of whole IgG 
molecules. The evidence, however seems to favour the 
hypothesis that they are synthesized intrathecally because 
no free gamma chains have been detected in CSF (Rudick ej: 
al., 1985; Bracco et al., 1987).
There appears to be considerable discrepancies concerning 
the frequency of occurrence and type of free light chains 
in various neuroimmunological diseases which in part, are 
probably due to methodological differences and also to the 
antiserum used. Various workers, (Walker ej: a_l., 1983;
Bracco ej: al., 1987; Fagnart e_t ad.., 1988) have pointed 
out that all commercial polyclonal antisera available for 
the detection of free light chains cross-react with bound 
light chains in their systems. As a result it was 
suggested that the detection of free light chains was best 
made by excluding the presence of heavy chains.
The detection of free light chains in the CSF by 
isoelectric focusing appears to be most useful as an 
indicator of recent immunological stimulation and also for 
monitoring immune responses within the central nervous 
system. Since free light chains are present in very low 
concentrations in CSF a sensitive and reliable method is 
required, for their detection. Isoelectric focusing using 
an immobilised pH gradient should be capable of providing 
the sensitivity required for this purpose.
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3.2. METHODS.
3.2.1. The use of isoelectric focusing for the 
identification of intrathecal IgG synthesis in 
CSF.
Samples of CSF and the matching serum from the same 
patient were subjected to isoelectric focusing using the 
immobilised pH gradient (pH 7-10), as described in full in 
Chapter 2, sections 2.2. and 2.3. Visualisation of the 
oligoclonal IgG bands was carried out in the following 
way. (FIG 3.1)
After blotting, any remaining protein binding sites on the 
PVDF membranes were blocked by immersion in a solution of 
l%(w/v) dried skimmed milk in PBS for lOmin with constant 
shaking at room temperature. The blocking solution was 
removed and replaced with sheep anti-human IgG diluted 1 
in 1000 with 0.2%(w/v) dried skimmed milk in PBS solution 
and incubated for 30min at room temperature with constant 
shaking. The primary antibody solution was removed and the 
membranes washed 3 times for 5 min in PBS. The membranes 
were then incubated for 30min with donkey anti-sheep 
alkaline phosphatase conjugated second antibody diluted 1 
in 1000 with 0.2%(w/v) dried skimmed milk in PBS. The 
membranes were washed 3 times for 5min in PBS and stained 
in the colour reagent for between 10 and 20min. The 
membranes were washed in distilled water and then air 
dried. The patterns were best viewed by transmitted light 
from a strong light source.
Negative controls to check antibody specificity were 
carried out by omitting the sheep anti-human IgG from the 
procedure. No staining of negative controls was observed.:
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FIG 3.1
SCHEME FOR THE IMMUNOBLOTTING PROCEDURE USED FOR 
THE VISUALISATION OF OLIGOCLONAL IgG BANDS.
a. Capillary blot with PVDF membrane 1 h.
b. Block remaining protein binding sites with 1%
(w/v) milk solution, 10 min at room temperature.
c. Incubate blot in primary antibody solution, 3 0 
min at room temperature.
d. Wash blot in PBS, 3x5 min.
e. Incubate blot in alkaline phosphatase conjugated 
secondary antibody, 3 0 min at room temperature.
f. Wash blot, in PBS, 3x5 min.
g. Stain blot in colour reagent, 10-20 min.
h. Rinse blot in distilled water.
i. Air dry blot.
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3.2.2. Comparison of the CSF isoelectric focusing
results with the total protein content, IgG 
concentration, disc gel electrophoresis and
visual evoked response in patients with multiple
sclerosis.
3.2.2.1. Measurement of CSF total protein and IgG
concentrations.
The CSF from the 50 patients investigated in this study 
was also analysed for the total protein and IgG
concentration. Total protein was measured by the method of 
Bradford, (1976), a Coomassie blue dye binding method 
(Chapter 2, section 2.3.1.) and the CSF IgG concentration
by immunoturbidimetry, as described in Chapter 2, section
2.3.2.
3.2.2.2. Isoelectric focusing of CSF total protein.
The CSF and serum samples used for total CSF protein 
isoelectric focusing patterns were prepared as given in 
Chapter 2, section 2.3.3. This ensured that the same
amount of protein was applied as for the CSF IgG
isoelectric focusing and that the two patterns could then 
be directly compared. Proteins were transferred to PVDF 
membranes and stained with colloidal gold solution in the 
following way. (FIG 3.2)
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FIG 3.2
SCHEME FOR THE IMMUNOBLOTTING PROCEDURE USED FOR 
THE VISUALISATION OF TOTAL CEREBROSPINAL FLUID 
PROTEIN AND THE ISOELECTRIC POINT MARKER PROTEINS.
a. Capillary blot with PVDF membrane 1 h.
b. Wash membrane in fixative solution, 5 min.
c. Stain blot in colloidal gold solution, 3 0-60 min 
at room temperature.
d. Rinse blot in distilled water, 1 min.
e. Air dry blot.
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After blotting, the membranes were immersed in fixative
solution for 5min with shaking. This step also removed
most of the carrier ampholytes from the membranes which 
would otherwise cause the colloidal gold stain to 
precipitate. Next, the membranes were removed from the 
fixative solution and then stained in fresh colloidal gold 
solution (2.2.3.12.) with constant shaking for 30min to lh 
at room temperature. Finally, the stained membranes were 
rinsed in distilled water and then air dried.
The patterns obtained using the isoelectric point
calibration marker proteins were visualised similarly.
3.2.2.3. The detection of intrathecally synthesized IgG 
using the CSF IgG concentration expressed as a 
percentage of the CSF total protein.
The CSF IgG concentration was determined by 
immunoturbidimetry as described in chapter 2, section
2.3.2. and these results were expressed as a percentage of 
the total protein concentration as measured by the method 
of Bradford, (1976).A percentage value of greater than 13% 
was assumed to indicate intrathecal IgG synthesis.
3.2.2.4. Comparison of the isoelectric focusing method 
with polyacrylamide gel disc electrophoresis.
The CSF from the same 50 patients used in this study were 
also analysed by polyacrylamide gel disc electrophoresis
(see chapter 1, section 1.8.2.) a method routinely used
for the detection of oligoclonal bands in CSF at this 
laboratory (Cowdrey 1981) and elsewhere, (Thompson et al., 
1979) prior to the introduction of the isoelectric
focusing methods now used. A comparison of the results
obtained using disc gel electrophoresis and isoelectric
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focusing using an immobilised pH gradient on 
unconcentrated CSF was made,
3,2,2,5. The diagnosis of multiple sclerosis by the 
visual evoked response.
The visual evoked response test (VER), is not a 
biochemical one and does not involve CSF. It is a 
neurophysiological technique that measures the time taken 
for an electrical stimulus to pass from the eye to the 
brain via the optic nerve. In multiple sclerosis, the 
optic nerve is frequently the site of demyelination which 
causes the time taken for a signal to travel from the eye 
to the brain to be delayed.
The results of the visual evoked response tests of the 
multiple sclerosis patients have been included here to 
compare the relative sensitivities of the different tests 
to diagnose multiple sclerosis.
The results of the visual evoked response tests of the 50 
patients used in this study were obtained and used for 
comparison with the other methods used in this study for 
the diagnosis of multiple sclerosis. These tests were 
carried out by the electroencephalography department at 
the Regional Neurological Unit at Hurstwood Park 
Neurological Centre, Haywards Heath, West Sussex, UK.
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3.2.2.6. Selection of the control group of patients.
A control group of 10 patients who did not have multiple 
sclerosis was selected from the 50 patients examined in 
this study since it was not possible to obtain CSF samples 
from normal healthy subjects. The results of these 10 CSF 
samples were assumed to be representative of normal CSF 
with respect to the routine examination carried out at 
this hospital. These control samples were selected in 
sequence, as they arrived at the laboratory and were 
analysed within 3 days of the CSF being taken. If 
necessary, samples were stored at 4°C. CSF controls were 
assumed to be normal using the following criteria which 
are based on the normal findings in CSF at this 
laboratory.
a. The CSF was clear and colourless in appearance.
b. The total protein content was no greater than 500mg/l.
c. The IgG concentration was no greater than 30mg/l.
d. There were no more than 5 leucocytes/cmm and no more 
than 80 red blood cells/cmm.
3.2.3. Isoelectric focusing of immunoglobulin light 
chains in the diagnosis of multiple sclerosis.
A total of 19 CSF samples known to contain intrathecally 
synthesized alkaline oligoclonal IgG bands but not 
necessarily from patients with multiple sclerosis were 
subjected to isoelectric focusing using the method 
developed for this study (Chapter 2). These samples were 
additional to the other 50 samples used for most of this 
research. They were selected sequentially from CSF samples 
that were found to contain alkaline oligoclonal IgG bands
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which were stored for up to 2 weeks when necessary. The 
isoelectric focusing patterns were visualised for 
immunoglobulin light chains type kappa and lambda in the 
following way, (FIG 3,3)
After blotting, any remaining protein binding sites on the 
PVDF membranes were blocked by immersion in a solution of 
l%(w/v) dried skimmed milk in PBS for lOmin with constant 
shaking at room temperature. The blocking solution was 
removed and replaced with rabbit anti-human immunoglobulin 
light chains, type kappa or lambda and free or bound, as 
required. These antisera wre diluted 1 in 200 in a mixture 
of 8ml of l%(w/v) dried skimmed milk and 2ml of 20%(w/v) 
PEG/PBS solution. The membranes were then incubated in the 
appropriate anti light chain primary antibody solution for 
lh at room temperature with constant shaking.
The primary antibody solution was removed and the 
membranes washed 3 times for 5min in PBS. The membranes 
were then incubated in goat anti-rabbit gold conjugate 
second antibody diluted 1 in 100 in a solution of 7.5ml of 
l%(w/v) dried skimmed milk, 2ml of 20%(w/v) PEG/PBS and
0.5ml of fish gelatin for 2h at room temperature with 
constant shaking.
The second antibody solution was removed and the membranes 
washed 3 times for 5min in PBS followed by a rinse in 
distilled water for about 30secs.
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FIG 3.3
SCHEME FOR THE IMMPNOBLOTTING PROCEDURE USED FOR 
VISUALISATION OF IMMUNOGLOBULIN LIGHT CHAINS.
a. Capillary blot with PVDF membrane 1 h.
b. Block remaining protein sites with 1% (w/v) milk 
solution, 10 min at room temperature.
c. Incubate blot in primary antibody solution 1 h 
at room temperature.
d. Wash blot in PBS, 3x5 min.
e. Incubate blot in gold conjugated secondary 
antibody, 2 h at room temperature.
f. Wash blot in PBS, 3x5 min.
g. Rinse blot in distilled water, 30 sec.
h. Enhance the gold signal with silver stain, 15-40 
min at room temperature.
i. Wash blot in distilled water, 1 min.
j. Air dry blot.
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The membranes were then placed in the silver enhancement 
solution prepared by mixing equal volumes of the initiator 
and developer as instructed by the kit manufacturer. 
Staining took about 30min at room temperature with 
constant shaking. When the stained protein patterns were 
at the required intensity the membranes were removed from 
the silver stain, washed in distilled water and then air 
dried.
3.2.4. The specificity of isoelectric focusing for the 
detection of alkaline oligoclonal IgG bands in CSF 
for the diagnosis of multiple sclerosis.
The specificity of isoelectric focusing for multiple 
sclerosis using the method developed for this research was 
calculated by comparing the number of samples out of the 
50 examined that contained alkaline intrathecally 
synthesized oligoclonal IgG bands, with their 
corresponding clinical diagnosis.
3.2.5. The sensitivity of isoelectric focusing for the 
detection of alkaline oligoclonal IgG bands in CSF 
for the diagnosis of multiple sclerosis.
The CSF and matching serum from 50 patients admitted, in 
sequence, to the Regional Neurological Unit at Hurstwood 
Park Neurological Centre, Haywards Heath, West Sussex, UK. 
for the investigation of various neurological diseases 
were analysed by isoelectric focusing using the method 
developed for this study, described in full in chapter 2. 
Visualisation of the oligoclonal IgG bands was carried out 
as described in section 3.2.1. of this chapter (FIG 3.1). 
The sensitivity of this method for the diagnosis was 
determined as described in section 3.3.5.
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3.3. RESULTS.
The results for CSF total protein, IgG concentration, IgG% 
of total protein, visual evoked response (VER), 
isoelectric focusing (IEF) and polyacrylamide gel disc 
electrophoresis are given in the following sections. The 
results for the Poser (1983) classified multiple sclerosis 
patients in the laboratory supported definite (n=2), 
clinically probable (n=3) and laboratory supported 
probable (n=3) groups, were too few to draw any
significant conclusions but are included for reference 
purposes. (Tables 3.1,3.2,3.3)
3.3.1. Results of the use of isoelectric focusing for the 
identification of intrathecal IgG synthesis in 
CSF.
After visualisation of the IgG bands on the PVDF
membranes, the CSF and serum patterns were compared. 
Intrathecally synthesized IgG was then identified by the 
presence of IgG bands in the CSF that were not present in 
the corresponding serum (FIG. 3.4)
This study set out to identify intrathecally synthesized 
IgG in unconcentrated CSF by virtue of its 
characteristically high isoelectric point. In this
respect, it was found that all of the multiple sclerosis 
group of patients examined in this study (n=14), had 
alkaline oligoclonal IgG bands in their CSF between pH 7 
and 10. Furthermore, none of the 50 patients examined had 
IgG bands present in their serum with an isoelectric point 
greater than 8.6, including the patients with multiple 
sclerosis.
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ISOELECTRIC FOCUSING OF CEREBROSPINAL FLUID AND 
SERUM SAMPLES SHOWING INTRATHECALLY SYNTHESIZED 
ALKALINE OLIGOCLONAL IgG BANDS.
10.0-f
9.5-
9.0-
8.5-
8.0-
7.5-
7.0*.
pH
FIG 3.4
Immunoblot with a PVDF membrane from an immobilised 
pH gradient gel, pH 7-10, containing 0.2% v/v 
carrier ampholytes. Serum (S) and CSF (C) from two 
patients without any alkaline oligoclonal IgG bands, 
separation tracks (A) and (C) and two patients with 
intrathecally synthesized alkaline oligoclonal IgG 
bands (B) and (D). Total amount of IgG applied is 
0.1 ug. Detection is with sheep anti-human IgG, 
followed by donkey anti-sheep alkaline phosphatase 
conjugate and enhanced with Nitroblue Tetrazolium.
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In this study, therefore, it was possible to identify 
intrathecal IgG synthesis in CSF samples without 
necessarily referring to the corresponding serum sample 
because there were never any IgG bands present in the 
serum at high pH values. As a result, any IgG bands that 
occured in CSF with an isoelectric point greater than 8.6 
could be identified as intrathecally synthesized.
3.3.2. Results of the comparison of the CSF isoelectric
focusing with the total protein content, IgG
concentration, disc gel electrophoresis and
visual evoked response in patients with multiple
sclerosis.
Results of CSF total protein and IgG
concentration.
The mean total protein concentration of the 10 control CSF 
samples was 357+84mg/l (TABLE 3.4). By contrast, the mean 
value for the CSF samples taken from the multiple 
sclerosis group of patients (includes all the categories 
of multiple sclerosis) was 536mg/l (TABLE 3.|>). These 
results show that there is a modest increase in the CSF 
total protein concentration in multiple sclerosis, but not 
in all cases since two patients had values less than the 
mean control value.
The mean CSF IgG concentration of the 10 control CSF 
samples was 24+3.9mg/l (TABLE 3.4). The mean value of the 
multiple sclerosis group of patients was much higher at 
82mg/l. All of the multiple sclerosis group had CSF IgG 
values well in excess of the control samples. The 3 
highest IgG concentrations, namely, 220, 150, and 108mg/l 
were all from the clinically definite group of patients 
(TABLE 3.5).
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3.3.2.2, Results of the isoelectric focusing; of total CSF 
protein.
The isoelectric focusing patterns obtained of the total 
proteins present in the CSF between pH 7-10 after staining 
with colloidal gold, were virtually identical to those 
obtained using the immunoenzyme visualisation system as 
used to detect the oligoclonal IgG bands (this Chapter 
section 3.2.1.). The main difference between the two 
patterns was the presence of a very alkaline protein band 
revealed after staining with colloidal gold, that migrated 
to a pH of about 9.3 and which was present in all CSF 
samples but not in serum (FIG 3.5).
3.3.2.3. Results of the detection of intrathecal IgG 
synthesis using the CSF IgG concentration 
expressed as a percentage of the total protein.
The CSF IgG results were expressed as a percentage of the 
total protein contration for each patient. This is an 
alternative method that has been used to detect 
intrathecal synthesis of IgG (Thompson 1977) and takes 
into account the state of the blood-CSF-barrier. Hence, if 
the barrier is impaired, serum proteins, including IgG, 
can enter the CSF. However, the ratio of IgG to the total 
protein concentration remains the same in the CSF as in 
the blood ie. about 13% of the total protein. On the other 
hand, if there is intrathecal synthesis of IgG then the 
ratio of IgG to total protein in the CSF increases from 
that normally found in serum. Using this method for the 
detection of intrathecally synthesized IgG in CSF, 4 out 
of the 6 clinically definite multiple sclerosis patients 
had IgG values greater than 13% of the total protein ie. 
intrathecal synthesis (TABLE 3.5).
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ISOELECTRIC FOCUSING SHOWING THE PRESENCE OF
HIGHLY ALKALINE PROTEIN BANDS IN CSF BUT ABSENT 
FROM SERUM.
pH 10
pH 7 J    _________ ____________________
A B C D E F  G H I J
FIG 3.5.
Immunoblot with a PVDF membrane from an immobilised 
pH gradient gel, pH 7-10. A sample of serum (A) and 
samples of CSF (B-J). (B,C,D,E,F) contain alkaline
intrathecally synthesized oligoclonal IgG bands. All 
CSF samples contain a highly alkaline protein band 
but which is absent from the serum. Total amount of 
protein applied is O.lug. Detection is with 
colloidal gold stain.
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Overall, however, only 7 (50%) of the 14 multiple
sclerosis patients (all categories) had IgG values greater 
than 13% of the total protein (TABLE 3.6).
3.3.2.4. Results of polyacrylamide gel disc
electrophoresis on CSF.
Polyacrylamide gel disc electrophoresis detected 
oligoclonal bands in 4 out of 6 of the clinically definite 
group of multiple sclerosis patients (Table 3.5). 
Interestingly, the 2 patients without oligoclonal bands 
were the same ones in which the IgG expressed as a 
percentage of the total protein was less than 13%. Disc 
electrophoresis of the CSF from the 14 multiple sclerosis 
patients (all categories) only detected oligoclonal bands 
in 6 (43%) of them (Table 3.6). The presence of
oligoclonal bands in unconcentrated CSF by disc 
electrophoresis is indicated (+), whereas, samples without 
oligoclonal bands are marked (-).
3.3.2.5. Results of the visual evoked response tests.
All 6 of the clinically definite group of multiple 
sclerosis patients had abnormal visual evoked responses 
(Table 3.5) which are consistent with demyelination. 
However, only 11 (79%) of the 14 multiple sclerosis
patients had abnormal visual evoked responses (TABLE 3.6). 
Patients with abnormal visual evoked responses are 
indicated as (+) and normal findings as (-).
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3.3.3. Results of isoelectric focusing of immunoglobulin 
light chains in the diagnosis of multiple 
sclerosis.
It was found that some cross-reactivity occurred between 
kappa and lambda immunoglobulin light chain antisera. This 
was revealed when carrying out isoelectric focusing using 
the method developed for this study with samples of serum 
containing IgG paraproteins obtained from patients with 
multiple myeloma (IgG type kappa and IgG type lambda). As 
a result, it was difficult to interpret the isoelectric 
focusing patterns obtained from CSF containing alkaline 
oligoclonal IgG bands with confidence. However, it
appeared that out of the 19 CSF samples examined, 53% had 
oligoclonal IgG bands that were predominantly of light 
chain type lambda and the remaining 47% were predominantly
light chain type kappa. There were no CSF samples that
contained IgG light chain type lambda only or light type 
kappa only.None of the CSF samples showed the presence of 
any free immunoglobulin light chains between pH 7 and 10.
3.3.4. Results of the specificity of isoelectric focusing 
for the detection of alkaline oligoclonal IgG 
bands in CSF for the diagnosis of multiple
sclerosis.
Out of the 50 patients examined using isoelectric focusing 
with an immobilised pH gradient (pH 7-10), 16 had alkaline 
oligoclonal IgG bands present in their CSF. Of these, 14 
were diagnosed as having multiple sclerosis. There were, 
however, 2 other patients who were not diagnosed as having 
multiple sclerosis but who had alkaline oligoclonal IgG 
bands in their CSF.
One of these patients was diagnosed as having Guillain 
Barre syndrome. This patient had identical bands in both
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CSF and serum with isoelectric points less than 8.6 which 
indicated that these bands were not the result of 
intrathecal synthesis.
The other patient did have intrathecally synthesized IgG 
in the CSF. The clinical diagnosis of this patient was 
reported to remain uncertain after routine neurological 
investigations had been performed. Some of this patients 
clinical symptoms, however, seemed to suggest that 
multiple sclerosis could not be ruled out and the patients 
condition was being followed up periodically.
The specificity of this isoelectric focusing method for 
the diagnosis of multiple sclerosis in 50 patients is 
defined as:-
Total no. patients - no. of false positives x 100 
Total no. of patients
Therefore, in this study, the specificity of this 
isoelectric focusing method for the diagnosis of multiple 
sclerosis was:-
49x 100 = 98%
50
3.3.5. Results of the sensitivity of isoelectric focusing 
for the detection of alkaline oligoclonal IgG 
bands in CSF for the diagnosis of multiple 
sclerosis.
Out of the group of 50 patients examined there were 14 who 
were diagnosed as having multiple sclerosis and all of 
them had alkaline oligoclonal IgG bands in their CSF. The 
diagnostic criteria used for the classification of 
multiple sclerosis was according to that suggested by
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Poser et al., (1983). The 4 different classification
groups of multiple sclerosis and number of patients in 
each group are shown in TABLE 3.7. The sensitivity 
(detection rate) of this isoelectric focusing method using 
an immobilised pH gradient (pH 7-10) for the detection of 
alkaline oligoclonal IgG bands is defined as:-
Number of positive IEF cases________________ x 100
Number of diagnosed multiple sclerosis cases
Therefore, in this study of 50 patients the sensitivity of 
the method for the diagnosis of multiple sclerosis was:-
14 x 100 = 100% 
14
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TABLE 3.1.
VER, ISOELECTRIC FOCUSING (IEF) AND DISC ELECTROPHORESIS FROM THE
LABORATORY SUPPORTED DEFINITE GROUP OF MULTIPLE SCLEROSIS PATIENTS.
Patient Total IgG IgG% of VER IEF Disc gel
number protein mg/1 total electrophoresis
mg/1 protein
7 710 54 7.6 - + -
8 590 55 9.3 + + —
Mean 650 55 8.5
VER (visual evoked response) + = abnormal, - - normal
IEF (isoelectric focusing) + = alkaline intrathecal oligoclonal
IgG bands present 
Disc gel electrophoresis - = oligoclonal bands not present
-98-
TABLE 3.2.
THE COMPARISON BETWEEN, TOTAL PROTEIN CONCENTRATION, IgG CONCENTRATION, 
VER, ISOELECTRIC FOCUSING (IEF) AND DISC ELECTROPHORESIS FROM THE 
CLINICALLY PROBABLE GROUP OF MULTIPLE SCLEROSIS PATIENTS.
Patient Total IgG IgG% of VER IEF Disc gel
number protein mg/1 total electrophoresis
mg/1 protein
9 460 41 8.9 + + -
10 550 53 9.6 + + -
11 310 45 14.5 + + -
Mean 440 46 11.0
VER (visual evoked response) + = abnormal
IEF (isoelectric focusing) + = alkaline intrathecal oligoclonal
IgG bands present 
Disc gel electrophoresis - = oligoclonal bands not present
TABLE 3.3.
THE COMPARISON BETWEEN, TOTAL PROTEIN CONCENTRATION, IgG CONCENTRATION, 
VER. ISOELECTRIC FOCUSING (IEF) AND DISC ELECTROPHORESIS FROM THE 
LABORATORY SUPPORTED PROBABLE GROUP OF MULTIPLE SCLEROSIS PATIENTS.
Patient
number
Total
protein
mg/1
IgG
mg/1
IgG% of
total
protein
VER IEF Disc gel 
electrophoresis
12 320 62 19.4 - + +
13 540 99 18.3 + + +
14 570 72 12.6 + + —
Mean 477 77 16.8
VER (visual evoked response) + = abnormal, - = normal 
IEF (isoelectric focusing) + = alkaline intrathecal
oligoclonal IgG bands present 
Disc gel electrophoresis + = oligoclonal bands present,
- = not present
- 1 0 0 -
TABLE 3.4.
THE COMPARISON BETWEEN, TOTAL PROTEIN CONCENTRATION, IgG CONCENTRATION 
AND ISOELECTRIC FOCUSING (IEF) IN THE CSF OF THE CONTROL GROUP OF
PATIENTS.
Patient
number
Total protein 
mg/1
IgG
mg/1
IgG% of 
total protein
IEF
15 280 16 5.7 -
16 340 19 5.6 -
17 420 28 6.7 -
18 360 24 6.7 -
19 250 22 8.8 -
20 320 25 7.8 -
21 500 27 5.4 -
22 460 27 5.9 -
23 380 23 6.1 -
24 260 27 10.4 -
Mean(+SD) 357(+84) 24(+3.9) 6.9(+1.6)
IEF (isoelectric focusing) - = alkaline intrathecal oligoclonal
IgG bands not present.
- 1 0 1 -
TABLE 3.5.
THE COMPARISON BETWEEN. TOTAL PROTEIN CONCENTRATION, IgG CONCENTRATION, 
VER. ISOELECTRIC FOCUSING (IEF) AND DISC ELECTROPHORESIS FROM THE 
CLINICALLY DEFINITE MULTIPLE SCLEROSIS GROUP OF PATIENTS.
Patient
Number
Total
protein
mg/1
IgG
mg/1
IgG% of
total
protein
VER IEF Disc gel 
electrophoresis
1 780 150 19.2 + + +
2 440 108 24.5 + + +
3 610 61 10.0 + + -
4 640 220 34.4 + + +
5 380 65 17.1 + + +
6 600 58 9.7 + + —
Mean 575 110 19.2
VER (visual evoked response) + = abnormal
IEF (isoelectric focusing) + = alkaline intrathecal oligoclonal IgG
bands present
Disc gel electrophoresis + = oligoclonal bands present,
- = not present
- 1 0 2 -
TABLE 3.6.
THE COMPARISON BETWEEN, TOTAL PROTEIN CONCENTRATION, IgG CTCENIRATION, 
VER. ISOELECTRIC FOCUSING (IEF) AND DISC ELECTROPHORESIS FROM ALL 
MULTIPLE SCLEROSIS PATIENTS.
Patient Total 
Number protein 
mg/1
IgG
mg/1
IgG% of
total
protein
VER IEF Disc gel 
electrophoresis
1 780 150 19.2 + + +
2 440 108 24.5 + + +
3 610 61 10.0 + + -
4 640 220 34.4 + + +
5 380 65 17.1 + + +
6 600 58 9.7 + + -
7 710 54 7.6 - + -
8 590 55 9.3 + + -
9 460 41 8.9 - + -
10 550 53 9.6 + + -
11 310 45 14.5 + + -
12 320 62 19.4 - + +
13 540 99 18.3 + + +
14 570 72 12.6 + + -
Mean 536 82 15.4
Detection
rate 50% 79% 100% 43%
VER (visual evoked response) + = abnormal, - = normal
IEF (isoelectric focusing) + = alkaline intrathecal oligoclonal IgG
bands present
Disc gel electrophoresis + = oligoclonal bands present - = not
present
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TABLE 3.7.
COMPARISON OF THE PRESENCE OF ALKALINE OLIGOCLONAL IgG BANDS WITH THE 
CORRESPONDING CLINICAL DIAGNOSIS.
Clinical diagnosis Number of Patients with
patients alkaline IgG 
bands
Clinically definite MS 6 6
Laboratory supported definite MS 2 2
Clinically probable MS 3 3
Laboratory supported probable MS 3 3
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TABLE 3.8.
THE COMPARISON BETWEEN, TOTAL PROTEIN CONCENTRATION, IgG CONCENTRATION, 
VER, ISOELECTRIC FOCUSING (IEF) AND DISC ELECTROPHORESIS EXCLUDING THE 
MULTIPLE SCLEROSIS AND CONTROL GROUPS OF PATIENTS.
Patient
number
Total
protein
mg/1
IgG
mg/1
IgG% of
total
protein
VER IEF Disc gel 
electrophoresis
25 190 5 2.6
26 350 38 7.2 - - -
27 500 52 10.4 - - -
28 220 5 2.3 - - -
29 750 66 8.8 - - -
30 1088 128 11.8 + - -
31 620 30 4.8 + - -
32 280 11 3.9 - - -
33 1800 256 14.2 + + +
34 770 66 8.6 - - -
35 520 22 4.2 - - -
36 410 42 10.2 - - -
37 640 40 6.3 - - -
38 640 36 5.6 - - -
39 740 54 7.3 - - -
40 400 30 7.5 - - -
41 300 12 4.0 - - -
42 640 53 8.3 - - -
43 420 65 15.5 - + -
44 320 23 7.2 - - -
45 530 23 4.3 - - -
46 320 14 4.4 - - -
47 610 62 10.2 - - -
48 880 66 7.5 - - -
49 420 31 7.4 - - -
50 440 24 5.5 — - — -
Mean 569 47 6.9
VER (visual evoked response) + = abnormal, - = normal
IEF (isoelectric focusing) + = alkaline intrathecal oligoclonal IgG
bands present, - = not present 
Disc gel electrophoresis + = oligoclonal bands present, - = not
present
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3.4. DISCUSSION.
There are no previous published results available 
regarding the detection of alkaline intrathecal 
oligoclonal IgG bands in CSF using isoelectric focusing in 
immobilised pH gradients for the diagnosis of multiple 
sclerosis, although this potential was indicated by 
Pirttila ejt ad., (1988). All of the previous studies have 
been carried out using isoelectric focusing in agarose or 
polyacrylamide gels with pH gradients formed with carrier 
ampholytes.The results obtained using this new isoelectric 
focusing method can only be discussed relative to those 
that have been achieved by carrier ampholyte pH gradients.
The very high resolving power of isoelectric focusing 
using this new method, especially at high pH values, has 
enabled highly alkaline intrathecal IgG bands to be 
separated in more detail than was possible previously. 
Furthermore, the new method allows the relatively narrow 
pH range of 7-10 to be used which is the target area for 
the specific detection of gamma globulins, including 
oligoclonal IgG. This is in contrast to the very wide pH 
gradient of pH 3-10 used by other investigators. By 
chosing a pH gradient of 7-10, most of the other proteins 
derived from the blood are automatically eliminated from 
the separation because they have isoelectric points less 
than 7.
In the case of polyclonal IgG, this was present in all 
samples of CSF and serum and could be seen as a diffuse 
background stain extending from the anode (pH 7) to about 
pH 9 to 9.5. A similar pattern for the distribution of 
polyclonal IgG has been recorded by Laurenzi ej: al..,
(1980) and by Walker e£ ad., (1983).
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Proteins that enter the CSF as the result of damage to the 
blood-CSF barriers can present a problem because they may 
completely obliterate any intrathecally synthesized 
oligoclonal IgG bands present (Gallo et al. 1988; Thompson 
and Keir 1990). However, an advantage of using an alkaline 
pH gradient is that the highly alkaline oligoclonal IgG 
bands associated with multiple sclerosis migrate to 
positions where they are not influenced by transudative 
serum proteins. This means that it is still possible to 
identify intrathecally synthesized oligoclonal IgG bands 
even when there has been impairment of the blood-CSF 
barriers.
The distance between the anode and cathode was 10 cm using 
this method and covered a pH range of only 3 pH units. By 
contrast, other investigators have used a similar 
separation distance of 10 cm but covering 7 pH units. The 
latter situation means that only a small part of the total 
pH gradient is relevant for the separation of oligoclonal 
bands, whereas with the new method almost the entire pH 
gradient is used for the separation. Hence, the number of 
bands separated is far greater and also highly resolved 
into very tight and narrow bands.
There has been a good deal of controversy regarding the 
definition of intrathecally synthesized oligoclonal bands 
in CSF from patients with multiple sclerosis. For example, 
many workers visualised their electrophoretic patterns by 
staining them with dyes such as Coomassie blue or with 
sensitive silver stains (Laurenzi and Link 1978; Mattson 
et al., 1980; Wybo e_t ad., 1990). However, these methods 
of protein detection were not able to distinguish between 
the various different classes of proteins present in CSF. 
As a result any bands detected in this way could not be 
identified conclusively as IgG bands.
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This problem was overcome by the introduction of the 
technique of immunofixation which allowed IgG to be 
specifically identified in isoelectric focusing patterns.
This was achieved by treating the separated bands with a 
solution of anti-human IgG serum and then after washing 
away unbound proteins the bands could be stained with 
protein stains or the signal enhanced by treatment with an 
enzyme-labelled second antibody. Although immunofixation 
permitted the specific identification of IgG in CSF this 
was not sufficient information to allow the unequivocal 
identification of intrathecally synthesized IgG as 
distinct from IgG that was derived from the blood and that 
had diffused across the blood-CSF barrier.
Sometimes, oligoclonal IgG bands may be present In both 
CSF and serum. This suggests that the CSF is reflecting a 
serum abnormality with transfer of abnormal 
immunoglobulins across the blood-CSF-barriers. This 
pattern is seen in paraproteinaemia and in systemic 
infections. Occasionally, bands are present in both CSF 
and serum but with the CSF having additional components 
which are not in the serum. An example of this is subacute 
sclerosing panencephalitis, a rare persistent measles 
infection. In this disease, the humoral immune response to 
the virus occurs outside the central nervous system but 
because there is also growth of the virus within the 
brain, there is an additional antibody response within the 
central nervous system. These types of patterns are in 
contrast to that found in the CSF from multiple sclerosis 
patients in which bands are present in the CSF but absent 
in the serum.
In order to overcome these problems, many workers have c 
suggested that CSF and the corresponding serum sample 
should be run simultaneously. After isoelectric focusing, 
the protein patterns are compared and bands present in the
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CSF but not in the corresponding serum are assumed to be 
synthesized intrathecally. This approach seems to have 
become the most widely used method for the unequivocal 
identification of intrathecal IgG. However, Staley et al., 
(1986), reported that 11 out of 12 patients with multiple 
sclerosis who had oligoclonal bands in their CSF had 
identical bands present in their serum as determined by 
agarose gel isoelectric focusing followed by silver
staining. These authors then stated that the use of the
criterion that oligoclonal bands be present only in CSF
and not in serum may lead to false negative results.
Kostulas e_t al.., (1987), considered that certain 
prerequisites in addition to running CSF and serum 
together were needed for the demonstration of oligoclonal 
IgG bands in CSF. First, each run should also include a 
negative control such as pooled donor serum and a positive 
control ie. a CSF known to contain oligoclonal IgG bands. 
Second, the amount of CSF and serum IgG applied to the gel 
should be standardised so that the same amount was always 
compared.
An explanation regarding the controversy over the 
definition of oligoclonal bands in CSF and whether CSF
bands with corresponding bands in the serum should be 
disregarded in the interpretation as given by Davenport 
and Keren (1988). These workers suggested that much of the 
discrepancies resulted from not distinguishing between the 
sensitivities of different techniques used for these 
studies. For example, the combination of isoelectric 
focusing followed by silver staining is more sensitive 
than agarose gel electrophoresis followed by Coomassie 
blue staining for detecting weak bands, so weak
oligoclonal bands would be detected in the serum more 
frequently with the former technique than with the latter. 
Furthermore, the serum bands seen with the more sensitive
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technique of isoelectric focusing may reflect intrathecal 
synthesis of IgG that has entered the bloodstream, 
whereas, serum bands seen using lower sensitivity 
techniques such as agarose gel electrophoresis are more 
likely to indicate systemic synthesis of IgG.
In this study, the CSF and serum from 50 patients were run 
simultaneously and the presence of intrathecally 
synthesized oligoclonal IgG bands wot identified using 
the criteria of bands that were present in the CSF but not 
the corresponding serum as described previously. The 
unequivocal identification of intrathecally synthesized 
IgG bands in the CSF was not difficult because none of the 
sera from the patients with multiple sclerosis contained 
any IgG bands between pH 7 and 10. Furthermore, there was 
only 1 patient out of the 50 examined that had oligoclonal 
IgG bands present in the serum. These bands were identical 
to those in the CSF and none had an isoelectric point 
greater than 8.6.
From the results of this study it was found that the 
conclusive identification of IgG synthesized intrathecally 
could be achieved by virtue of its characteristically high 
isoelectric point ie. in excess of 8.6. Above this pH 
there were never any IgG bands present in the serum. If 
this finding is confirmed in a larger study then it may be 
possible to dispense with serum altogether and any IgG 
bands found in CSF at very alkaline pH could be identified 
as intrathecal synthesis.
The measurement of the total protein concentration in CSF 
is of little diagnostic significance in the diagnosis of 
multiple sclerosis since increases are entirely non­
specific, although it has long been known that patients 
with multiple sclerosis have normal or slightly raised CSF
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total protein concentrations (McAlpine 1972). This study 
is in agreement with these findings (TABLE 3.6).
Most patients with multiple sclerosis have an increase in 
their CSF IgG concentration (see Chapter 1, section
1.7.1.). However, an increased CSF IgG level does not 
necessarily indicate multiple sclerosis since a variety of 
other neurological diseases also show increases. 
Furthermore, there is no way of knowing if an increased 
CSF IgG concentration is the result of intrathecal 
synthesis or if it is due to a leaky blood-CSF barrier 
that has allowed IgG to enter the CSF from the serum. All 
of the multiple sclerosis patients in this study had 
increased concentrations of CSF IgG. Although the 
measurement of the IgG concentration in CSF is of limited 
value in the diagnosis of multiple sclerosis it is still 
desirable to have an accurate CSF IgG result to enable the 
optimum amounts of IgG to be applied to the gel for 
isoelectric focusing.
The isoelectric focusing patterns obtained by colloidal 
gold staining of the proteins present in CSF between pH 7 
and 10 were very similar to those patterns obtained using 
the alkaline phosphatase conjugated second antibody 
procedure described for the visualisation of oligoclonal 
IgG bands (section 3.2.1.). However, the gold stained 
patterns were not as intense as those obtained with the 
immunoenzyme IgG detection system. The similarity of the 
patterns confirmed the finding that apart from alkaline 
oligoclonal IgG bands and the presence of a very basic 
protein band that migrated to about pH 9.3, there are no 
other significant proteins that can be detected in CSF at 
this high pH range.
The very basic protein band at pH 9.3 (FIG 3.5) was not 
positively identified in this study but it was probably
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the gamma trace protein, seen and identified by previous 
investigators using isoelectric focusing techniques 
(MacPherson 1965). Gamma trace protein is also known as 
cystatin C and is a potent inhibitor of cysteine 
proteinases (Barrett et aj.., 1984). It is present in low 
concentration in human body fluids, especially CSF 
(Bollengier, 1987). The concentration of cystatin C was 
determined in CSF from patients with multiple sclerosis, 
patients with other neurological diseases and in controls 
(Bollengier 1987). It was found that the cystatin C levels 
in CSF were undetectable or depressed in many cases of 
multiple sclerosis and the median value differed 
significantly from the control. This author therefore, 
suggested that the regulation of cysteine proteinase is 
impaired in this disease and hence, enhanced activity of 
cysteine proteinases could initiate the breakdown of 
myelin. In this study, there has been no attempt to 
investigate the biochemical properties of cystatin C or 
examine any quantitative relationship associated with 
multiple sclerosis. However, the method of isoelectric 
focusing using the alkaline immobilised pH gradient 
developed for this study may be useful to examine this 
protein in the future
The method of expressing the concentration of CSF IgG as a 
percentage of the total protein to detect intrathecal IgG 
synthesis (see this Chapter, 3.3.2.3.) only gave a 
detection rate of 50% for the diagnosis of multiple 
sclerosis when a cut off point of 13% was used (TABLE
3.6.). This compares with a detection rate of 66% of 
clinically definite patients by other workers 
(Tourtellotte 1970). The number of CSF samples used in 
this study was limited but it seemed that this method of 
detecting intrathecal IgG synthesis was not sensitive 
enough.
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The method of polyacrylamide gel disc electrophoresis 
previously used at this laboratory gave a specificity of 
100% for the diagnosis of multiple sclerosis but had a 
poor detection rate of only 43% for the combined 
categories of multiple sclerosis and a slightly better 
detection rate of 66.6% for the clinically definite group 
of patients. The reason for the poor detection rate was 
probably because of the much lower sensitivity of the 
method compared to isoelectric focusing with immuno-enzyme 
visualisation.
The visual evoked response tests (section 3.2.2.5.) 
carried out by the electroencephalography department at 
this hospital on the same group of 50 patients whose CSF 
had been examined by isoelectric focusing gave a detection 
rate of 79% for the diagnosis of multiple sclerosis (TABLE
3.6.) compared with 100% for the isoelectric focusing 
method. There were also three patients with abnormal 
visual evoked response tests in the non-multiple sclerosis 
group of patients (TABLE 3.8.). One of these, (patient 
number 33) was diagnosed as having Guillain Barre 
syndrome. This disease can also cause demyelination which 
is probably the reason for the abnormal visual evoked 
response test. The other two patients with abnormal tests 
were diagnosed as having spinal cord lesions.
The application of the isoelectric focusing method 
developed for this study for the demonstration of 
immunoglobulin light chains appears to show great 
potential in as much as the resolution achieved was very 
high. However, as pointed out in the introduction of this 
chapter, all commercial antisera available for the 
detection of immunoglobulin light chains in CSF show 
cross-reactivity between the free and bound light chains. 
This problem was confirmed in this study. Even more of a 
problem was the finding that there was also some cross-
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reactivity between the kappa and lambda antibodies. All in 
all, interpretation of the light chain patterns was
difficult.
It appeared that about half of the CSF samples with
alkaline oligoclonal IgG bands (n=19) were of the lambda
class. However, since the diagnoses of these patients were
not available, the significance of this finding is not 
clear. Some of the oligoclonal IgG bands consisted of both 
kappa and lambda light chains indicating 
microheterogeneity of the bands. Most of the very alkaline 
oligoclonal IgG bands found with isoelectric points
greater than about 9 seemed to be of type lambda.
It has been suggested that the immunoglobulin light chain 
type may be influenced by the aetiological agent that 
elicited the antibody response (Link and Laurenzi 1979).In 
this respect it has been reported that most patients with 
multiple sclerosis show an increase in the ratio of kappa 
to lambda light chains (Bollengier et al., 1975), whereas, 
in the case of infections of the central nervous system 
there is an increase in the lambda to kappa ratio of light 
chains (DeCarli e_t al.. 1987). More work needs to be done 
to investigate this possibility.
It appeared that none of the 19 CSF samples examined
contained any obvious free light chains. However, this may 
have been due to the problems of cross-reactivity 
associated with the antisera. Alternatively, it may have 
been due to the fact that free light chains are not
alkaline and have isoelectric points lower than 7 in which
case they would not be separated in the pH gradient used 
here.
There is no doubt that more reliable antisera are required 
for this type of work. This may be achieved by cleaning up
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existing antisera to remove cross-reactivities or by using 
monoclonal anti-light chain antibodies.
With respect to the specificities of the tests used in 
this study for the diagnosis of multiple sclerosis it was
found that the CSF IgG concentration gave a specificity of
80%, based on an upper limit of 40mg/l as measured by
immunoturbidimetry. This compares with findings of 94% 
according to Harter et al.,(1962) who examined no less 
than 7,225 patients using the immunochemical method of
Kabat et al., (1948). This rather surprisingly high
specificity of 94% might be partly due to the type of
antiserum used by Kabat which was said to have been
prepared from gamma globulin rather than the highly 
purified IgG used today.
The method of expressing the CSF IgG concentration as a 
percentage of the total protein gave a specificity of 96% 
for the diagnosis of multiple sclerosis in this study but 
was derived from a limited number of patients. 
Furthermore, its very poor detection rate, 50% in this 
study and only 47% in another (Matteson ej: al,, 1987), the 
test hardly seems worthwhile.
The visual evoked response test gave a specificity of 94% 
for the diagnosis of multiple sclerosis for the group of 
50 patients used in this study. This compares favourably
with the isoelectric focusing methods. However, the ‘false
positive* results obtained with isoelectric focusing were 
not always the same ones obtained with the visual evoked 
response test (TABLE 3.8).
Although the specificity for the diagnosis of multiple 
sclerosis using polyacrylamide gel disc electrophoresis 
was 100% its detection rate was poor, only 43% compared to 
100% with the isoelectric focusing method (TABLE 3.6).
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This high specificity for disc electrophoresis was 
probably a reflection of the fact that oligoclonal IgG was 
only detected when it was present in very large amounts. 
This is often the case in patients with clinically 
definite multiple sclerosis, especially when the CSF is 
taken at an active time of demyelination (relapse).
With respect to the specificity of isoelectric focusing 
for the diagnosis of multiple sclerosis, one of the 
largest surveys undertaken for the detection of 
oligoclonal IgG bands in unconcentrated CSF and seti*nwas 
carried out by Kostulas £t aj.., (1987). These workers
examined 1114 consecutive patients using agarose gel 
isoelectric focusing and carrier ampholytes to form the pH 
gradient,(pH 3.5-9.5) followed by immunoblotting and 
immuno-enzyme staining. Their specificity for the 
diagnosis of multiple sclerosis 90% or 91% if their optic 
neuritis group of patients was included with the multiple 
sclerosis patients. Considering the large number of 
patients examined, 90-91% is a good specificity for 
multiple sclerosis. Similar work by Laurenzi and Link 
(1978), showed a specificity of 88% obtained from 97 
consecutive patients, although they concentrated the CSF 
100 times prior to isoelectric focusing. Most other 
workers have reported rather lower specificities. For 
example, van den Bergh and Roos (1981), examined 209 
samples using isoelectric focusing in polyacrylamide gel 
with carrier ampholytes pH 3.5-9.5 and obtained a 
specificity of 82% for multiple sclerosis and Trbojevic- 
Cepe eit al.., (1989), had a specificity of 76% from 145
patients using carrier ampholytes pH 3-10 for isoelectric 
focusing, followed by immunofixation and silver staining.
With regard to the sensitivity (detection rate) for the 
diagnosis of multiple sclerosis, the IgG% of total protein 
and the disc electrophoresis results for this limited
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study, were very poor, only 50% and 43%, respectively 
(TABLE 3.6). The IgG% of total protein was also found to 
give a very poor sensitivity by Matteson et al., (1987) of 
only 47%.The sensitivity of the visual evoked response 
tests for the diagnosis of multiple sclerosis was 79% for 
the 50 patients examined in this study. Numerous other 
studies involving much larger numbers of patients have 
given abnormal results from between 75 and 97% of 
clinically definite cases.
Interestingly, in a study by Kempster e_t a^l. ,(1987), the 
visual evoked response results from a group of 42 patients 
was compared with the results obtained using isoelectric 
focusing on the same patients CSF and showed that the 
false positive rate for the visual evoked response test 
was 10% and 12% for CSF oligoclonal IgG bands. However, 
the false positive rate when the results of both tests 
were combined was zero.
The sensitivity of isoelectric focusing for the detection 
of oligoclonal bands in the CSF of multiple sclerosis 
patients is high and values of over 90% have been reported 
(Walker et al., 1983; Kostulas £t al., 1987). The very 
high detection rate is due to the high resolving power of 
isoelectric focusing compared to other electrophoresis 
techniques. Unfortunately, although the technique of 
isoelectric focusing has resulted in the highest detection 
rates it has also led to an increase in the number of 
false positive results. Hence, even though the sensitivity 
of isoelectric focusing is high for oligoclonal IgG bands 
the specificity for multiple sclerosis may be lowered due 
to the production of artefactual bands and also more bands 
being detected in CSF from patients with diseases other 
than multiple sclerosis. Thus, the increased sensitivity 
achieved by isoelectric focusing may be a mixed blessing.
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In this study, there were 14 patients out of the group of 
50 examined who were diagnosed as having multiple 
sclerosis and using the isoelectric focusing method 
described in this project, alkaline oligoclonal IgG bands 
were found in all of them (TABLE 3.6). The sensitivity of 
this method for the diagnosis of multiple sclerosis was 
therefore, 100%.
There are some patients who also synthesize anodic IgG and 
it could be argued that a wide pH gradient ie. 3-10 is 
necessary if all oligoclonal IgG bands are to be detected. 
Nevertheless, in this study, alkaline oligoclonal IgG 
bands were present in all of the 14 multiple sclerosis 
patients.
-118-
CHAPTER 4
INVESTIGATIONS OF THE STRUCTURAL PROPERTIES OF INTRATHECAL 
IgG THAT PRODUCES THEIR HIGH ISOELECTRIC POINT
4.1. INTRODUCTION.
It is well documented that the CSF from most patients 
suffering from multiple sclerosis contains intrathecally 
synthesized IgG. Furthermore, there is much evidence to 
show that at least a part of this intrathecally 
synthesized IgG has an isoelectric point that is higher 
than that of the bulk of normal serum IgG (Laurenzi and 
Link 1979; Hosein and Johnson 1981; Tourtellotte ej: al., 
1982). Ever since the first published results that 
described the presence of abnormal oligoclonal bands in 
CSF it has never been in doubt that these bands had gamma 
globulin electrophoretic mobility. This observation alone 
was sufficient to indicate that these abnormal bands had 
relatively high isoelectric points and as a result 
migrated towards the cathode in most electrophoresis 
methods.
The buffer solutions used in electrophoresis methods in 
the past for the detection of oligoclonal bands in CSF 
have been alkaline ones with a pH value of around 8.6 
(Laurenzi and Link 1978; Liskiewicz 1982). In such a 
buffer solution, any proteins that have an isoelectric 
point greater than the pH of the buffer are positively 
charged and migrate towards the cathode during 
electrophoresis. Any cathodic oligoclonal bands thus 
detected must have an isoelectric point greater than the 
pH of the buffer ie. pH 8.6. Hence, there can be no doubt 
that these oligoclonal bands are basic proteins.
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The reason for the existence of such highly alkaline IgG 
in CSF from patients with multiple sclerosis is not known. 
This is probably because research has been hindered by the 
lack of a suitable method for the detailed analysis of 
highly basic proteins. Therefore, the isoelectric focusing 
method developed for this study, using an alkaline 
immobilised pH gradient, should allow the investigation of 
very basic proteins such as intrathecally synthesized IgG 
to be carried out in more detail than has been possible 
previously.
There are several possible explanations for the
characteristically high isoelectric point of intrathecally 
synthesized IgG.
(i) It is possible that they are the result of the 
action of proteolytic enzymes in the CSF that have 
caused post synthetic modifications to the 
structure of the immunoglobulin molecule such as 
an alteration in the type of terminal aminoacid. 
For example, if intrathecal IgG was enzymatically 
cleaved to expose lysine or arginine aminoacid 
residues, then the protein would become more basic 
(cathodic) when subjected to electrophoresis.
(ii) It is known that normal IgG contains a small
amount of carbohydrate present in the form of 
oligosaccharides or sialoglycopeptides (Tomana e_t 
al. , 1988). The removal of some or all of this
carbohydrate from the IgG molecule will result in 
the alteration of its electrophoretic mobility. 
For example, when the sialic acid is removed from 
transferrin the electrophoretic mobility of the 
desialylated transferrin (Tau protein) is retarded 
by comparison with the native transferrin molecule 
(van Eijk 1983). Similarly, with IgG, the removal
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or degradation of carbohydrate residues might also 
result in the formation of more basic forms of IgG 
with slower electrophoretic mobilities than normal 
IgG.
(iii) There is the possibility that the intrathecally 
synthesized IgG becomes bound to another protein 
that is present in the CSF and that has a much 
higher isoelectric point than IgG. As a result the 
overall charge of the IgG complex may become more 
basic than the IgG alone. For example, in the case 
of multiple sclerosis, it is known that during the 
process of demyeiination of the nerve fibres, 
fragments of myelin basic protein are released 
into the CSF which can be detected in CSF using 
very sensitive detection methods such as 
radioimmunoassay or enzyme linked immunoabsorbent 
assay methods (Biber e_t a_l. , 1981; Whitaker et
al., 1986). It may be possible, therefore, that
oligoclonal IgG bands may bind to myelin basic 
protein in CSF to form complexes that are highly 
alkaline since myelin basic protein has an 
isoelectric point of 11.
Alternatively, binding of myelin basic protein to 
oligoclonal IgG could be due to the fact that some 
of the IgG is antibody to myelin basic protein 
since this is known to occur in the CSF from some 
multiple sclerosis patients (Warren and Catz 
1986). It is also possible that IgG could bind any 
very basic protein. For example, lysozyme is a 
very basic enzyme that is present in the plaques 
of multiple sclerosis brain (Allen 1981). This 
could bind intrathecal IgG and then leak into the 
CSF.
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(iv) It is, also possible, that the basic oligoclonal 
IgG molecules are actually synthesized by 
lymphocytes in the CSF. Even so, the physical 
characteristics of these IgG molecules must differ 
in some way from normal IgG although the structure 
would have to be similar to be detected by the 
visualisation procedure used (see Chapter 3, 
section 3.2.1.)
In this thesis, two of these possibilities were examined:
1. The binding of myelin basic protein to oligoclonal IgG
bands in CSF from patients with multiple sclerosis.
2. The role of the carbohydrate content of oligoclonal
IgG bands in CSF with respect to their electrophoretic
mobility.
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4.2. METHODS.
The experiments carried out in this section were
preliminary ones. They were carried out to show potential
applications of this method. Further detailed
investigations based on the ones described here are
required.
4.2.1. The binding of myelin basic protein to IgG.
4.2.1.1. Reagents.
Myelin basic protein from bovine brain Code M1891 was 
obtained from Sigma Ltd, Poole, Dorset, UK.
Monoclonal antibody to myelin basic protein Code MCA 184 
was obtained from Serotec Ltd, Oxford, UK. The antigen 
used to produce this monoclonal antibody was bovine myelin 
basic protein. The antibody specificity reacts well with 
human as well as bovine myelin basic protein, according to 
the manufacturers.
4.2.1.2. Working reagent.
Myelin basic protein (5mg) from bovine brain 
(lyophilised), was dissolved in 1ml of PBS solution.
4.2.1.3. Procedure.
Two CSF samples that contained intrathecally synthesized 
oligoclonal IgG bands were mixed in the ratio of 0.1ml of 
CSF and 20ul (lOOug) of myelin basic protein solution and 
incubated overnight at 37°C. Since the binding capacity of 
IgG for myelin basic protein was not known, sufficient 
myelin basic protein (lOOug) was added to the CSF to 
ensure that if any binding occurred it could be detected 
by the visualisation system employed.
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Two samples of normal serum that had been diluted 1 in 200 
with distilled water were treated in the same way.
The CSF and serum samples were subjected to isoelectric 
focusing using the method developed for this study. After 
isoelectric focusing, the protein pattern was transferred 
to PVDF membranes using capillary blotting for 3 h. The 
blots were then stained for the presence of myelin basic
protein in the following way (FIG 4.1).
After blotting, any remaining protein binding sites on the 
PVDF membranes were blocked by immersion in a solution of 
l%(w/v) dried skimmed milk in PBS for 10 min with constant 
shaking at room temperature. The blocking solution was 
removed and replaced with mouse monoclonal anti-myelin 
basic protein diluted 1 in 200 in a mixture of 8ml of
l%(w/v) dried skimmed milk and 2ml of 20%(w/v) PEG/PBS
solution. The membranes were incubated for 2hr at room 
temperature with constant shaking. The primary antibody 
solution was removed and the membranes washed 3 times for 
5min in PBS. The membranes were then incubated in goat 
anti-mouse gold conjugated second antibody diluted 1 in 
100 in a solution of 7.5ml of l%(w/v) dried skimmed milk, 
2ml of 20%(w/v) PEG/PBS and 0.5ml of fish gelatin for 2hr 
at room temperature with constant shaking.
The second antibody solution was removed and the membranes 
washed 3 times for 5min in PBS followed by a rinse in 
distilled water for about 30secs.
Negative controls to check the primary antibody 
specificity were not carried out.
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FIG 4.1
SCHEME FOR THE IMMUNOBLOTTING PROCEDURE USED FOR 
VISUALISATION OF MYELIN BASIC PROTEIN.
a. Capillary blot with PVDF membrane 1 h.
b. Block remaining protein sites with 1% (w/v) milk 
solution, 10 min at room temperature.
c. Incubate blot in primary antibody solution 2 h 
at room temperature.
d. Wash blot in PBS 3x5 min.
e. Incubate blot in gold conjugated secondary 
antibody, 2 h at room temperature.
f. Wash blot in PBS, 3x5 min.
g. Rinse blot in distilled water, 3 0 sec.
h. Enhance the gold signal with silver stain, 
15-40 min at room temperature.
i. Wash blot in distilled water, 1 min.
j. Air dry blot.
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The membranes were then placed in the silver enhancement 
solution prepared by mixing equal volumes of the initiator 
and developer as instucted by the kit manufacturer. 
Staining took about 30min at room temperature with 
constant shaking. When the stained protein patterns were 
at the required intensity the membranes were removed from 
the silver stain, washed in distilled water and then air 
dried.
In addition, similar blots were also stained for IgG using 
the method described in Chapter 3, section 3.2.1.
4.2.2. Treatment of cerebrospinal fluid and serum samples 
with neuraminidase.
This experiment was based on previous similar work 
published by Kleine and Haak (1984).
4.2.2.1. Reagents.
Neuraminidase type X Code N-2133, was from Sigma Ltd, 
Poole, Dorset, UK. sodium acetate trihydrate Analar grade 
10235, calcium chloride dihydrate Analar grade Code 10070, 
sodium azide GPR grade Code 30111, acetic acid Analar 
grade Code 10001, from BDH, Poole, Dorset, UK.
4.2.2.2. Working solutions.
1. Acetate buffer 50mM, pH 4.5 used to dissolve 
neuraminidase.
15mg of calcium chloride dihydrate and 32mg of sodium 
azide were dissolved in 45ml of 1.36%(w/v) sodium 
acetate trihydrate and 55ml of 0.6%(v/v) acetic acid. 
The solution was stored at 4°C.
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2. Neuraminidase solution.
1 unit of neuraminidase was dissolved in 0.5ml of 
acetate buffer solution pH 4.5 and used within 24h of 
preparation. 0.1ml of this solution contained 0.2 
units of neuraminidase.
4.2.2.3. Procedure.
Normal serum was diluted 1 in 200 with distilled water to 
adjust its IgG concentration to the level found in normal 
CSF. The diluted serum was then incubated for 24h at 37°C 
with an equal volume of neuraminidase solution (0.1ml of 
dilute serum and 0.1ml neuraminidase solution).
CSF containing intrathecal oligoclonal IgG bands and with 
an IgG concentration of 50mg/l, was treated in the same 
way as the serum.
A control sample of untreated normal serum was prepared by 
diluting it 1 in 100 with distilled water to keep the 
final concentration of IgG the same as in the sample 
treated with neuraminidase (0.1ml of dilute serum and 
0.1ml of distilled water).
A control sample of untreated CSF was prepared by mixing 
an equal volume of CSF with distilled water.
All samples were then applied to the immobilised pH 
gradient developed for this study, in 3ul volumes. 
Isoelectric focusing was carried out as described in 
Chapter 2. The IgG patterns thus obtained were visualised 
by treatment with anti-human IgG, followed by alkaline 
phosphatase conjugated second antibody, as described in 
detail in Chapter 3, section 3.2.1.
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4.2.3. Treatment of cerebrospinal fluid and serum samples
with neuraminidase and B-N-Acetylglucosaminidase.
This experiment was based on similar work published by 
Kleine and Haak (1984).
4.2.3.1. Reagent.
B-N-Acetylglucosaminidase suspension (2units/ml) in 3.5M 
ammonium sulphate solution, Code A7053 was from Sigma Ltd, 
Poole, Dorset, UK. This was used as supplied and stored at 
4°C.
4.2.3.2. Procedure.
Serum samples were diluted 1 in 200 with distilled water 
and then 0.1ml was mixed with 0.1ml of neuraminidase 
solution and 5ul of B-N-Acetylglucosaminidase suspension 
was added. This was mixed and incubated for 24 h at 37°C.
CSF containing intrathecal oligoclonal IgG bands was 
treated in the same way and control untreated samples were 
prepared as in section 4.2.2.3.
Samples of CSF and serum that had been treated with 
neuraminidase alone and samples that had been treated with 
both enzymes were applied to the immobilised pH gradient 
developed for this research, in 3ul volumes. Isoelectric 
focusing was carried out as described in Chapter 2. The 
IgG patterns thus obtained were visualised by treatment 
with anti-human IgG, followed by alkaline phosphatase 
conjugated second antibody, as described in detail in 
Chapter 3, section 3.2.1.
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4.3. RESULTS.
4.3.1. Results o£ the binding of myelin basic protein to
ige.
The staining of the isoelectric focusing patterns for the 
detection of myelin basic protein using the monoclonal 
anti-myelin basic protein, showed that some myelin basic 
protein was bound to both the polyclonal and oligoclonal 
forms of IgG (FIG 4.2). It can be seen that more of the 
myelin basic protein has bound to the intrathecally 
synthesized CSF IgG than to the serum IgG samples. Some of 
the polyclonal IgG appeared to have migrated to about pH 
10 where the excess unbound myelin basic protein was also 
located.
The isoelectric focusing patterns that had been visualised 
for IgG (FIG 4.3) showed that CSF and serum samples that 
had been incubated with myelin basic protein had intense 
background staining, especially in the CSF samples 
containing the intrathecally synthesized IgG and the 
patterns extended to a more alkaline pH than samples that 
did not have myelin basic protein added. Again, 
oligoclonal IgG bands were completely masked by the 
intense background staining. Many of the weak bands 
present that are common to all the isoelectric focusing 
separation tracks are probably due to artefacts.
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ISOELECTRIC FOCUSING OF INTRATHECAL IgG AND SERUM
AFTER TREATMENT WITH MYELIN BASIC PROTEIN (DETECTED
WITH ANTI-MYELIN BASIC PROTEIN)
pH 10
pH 7
C C S S
FIG 4.2
Immunoblot with a PVDF membrane from an immobilised 
pH gradient gel, pH 7-10. Two samples of CSF 
containing intrathecally synthesized oligoclonal IgG
(C)(C) and two samples of normal serum (S)(S), 
mixed with 100 ug myelin basic protein. Total amount 
of IgG applied is 0.1 ug. Detection is with mouse 
monoclonal anti-myelin basic protein, followed by 
goat anti-mouse gold conjugate and enhanced with 
silver stain.
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ISOELECTRIC FOCUSING OF INTRATHECAL IgG AND SERUM
AFTER TREATMENT WITH MYELIN BASIC PROTEIN (DETECTED
WITH ANTI-HUMAN IgG)
Immunoblot with a PVDF membrane from an immobilised 
pH gradient gel, pH 7-10. A sample of CSF containing 
intrathecally synthesized oligoclonal IgG bands 
treated with 100 ug myelin basic protein (Cl), 
untreated (C) and a sample of normal serum treated 
with myelin basic protein (SI), untreated (S). Total 
amount of IgG applied is 0.1 ug. Detection is with 
sheep anti-human IgG, followed by donkey anti-sheep 
alkaline phosphatase conjugate and enhanced with 
Nitroblue Tetrazolium.
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4.3.2. Results of treatment of cerebrospinal fluid and 
serum with neuraminidase.
4.3.2.1. Treatment of cerebrospinal fluid.
The isoelectric focusing patterns obtained from CSF that 
contained intrathecally synthesized oligoclonal IgG bands 
that had been treated with neuraminidase, were similar 
between pH 7 and pH 8.6 in both the treated and untreated 
samples (FIG 4.4). However, there were some additional 
weak IgG bands formed that migrated to a very alkaline 
position in the pH gradient at about pH 9 to 9.5. There 
was also a slight increase in the staining intensity of 
some of the other very alkaline IgG bands also between pH 
9 and 9.5.
4.3.2.1. Treatment of serum.
After treatment of normal CSF and normal serum with 
neuraminidase, there was a noticeable increase in
polyclonal IgG that extended from pH 7 to about pH 9. (FIG
4.5). This ‘new* alkaline IgG must have originated from 
IgG that had an isoelectric point less than 7 prior to the 
treatment with neuraminidase. However, since the pH 
gradient developed for this study only extended from pH 7 
to pH 10, it was not possible to confirm this.
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ISOELECTRIC FOCUSING OF CSF INTRATHECAL IgG AFTER 
TREATMENT WITH ENZYMES
Immunoblot with a PVDF membrane from an immobilised 
pH gradient gel, pH 7-10. One CSF sample containing 
alkaline oligoclonal IgG bands treated with (A) 
neuraminidase plus B-N-acetylglucosaminidase, (B) 
untreated and (C) with neuraminidase only. Total 
amount of IgG applied is 0.1 ug. Detection is with 
sheep anti-human IgG, followed by donkey anti-sheep 
alkaline phosphatase conjugate and enhanced with 
Nitroblue Tetrazolium.
pH 10
pH 7
FIG 4.4 A B C
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4.3,3. Results of the treatment of cerebrospinal fluid
and serum with neuraminidase and B-N- 
Acetylglucosaminidase.
4.3.3.1. Treatment of cerebrospinal fluid.
The isoelectric focusing patterns obtained from CSF that 
contained intrathecally synthesized oligoclonal IgG bands 
that had been treated with both enzymes were similar 
between pH 7 and about pH 8.6 for treated and untreated 
samples (FIG 4.4 ). There were also some additional bands 
formed in the treated samples, similar to those obtained 
with neuraminidase alone, but in this case they were much 
more intense. There was also a marked intensification in 
the staining of some of the other very alkaline IgG bands 
between pH 9 and 9.5.
4.3.3.2. Treatment of serum.
The isoelectric focusing pattern obtained after treatment 
of normal serum with both enzymes was similar to that 
obtained with the use of neuraminidase alone ie. an 
increase in the amount of alkaline polyclonal IgG (FIG
4.5)
ISOELECTRIC FOCUSING OF NORMAL SERUM AFTER TREATMENT
WITH ENZYMES
pH 10
pH 7
FIG 4.5
Iminunoblot with a PVDF membrane from an immobilised 
pH gradient gel, pH 7-10. A sample of normal serum
(D) treated with B-N-acetylglucosaminidase plus 
neuraminidase, (E) untreated and (F) with 
neuraminidase only. Total amount of IgG applied is 
0.1 ug. Detection is with sheep anti-human IgG, 
followed by donkey anti-sheep alkaline phosphatase 
conjugate and enhanced with Nitroblue Tetrazolium.
D E F
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4.4. DISCUSSION.
The experiments carried out in order to ascertain the 
effect of the addition of myelin basic protein to CSF IgG 
seemed to suggest that at least some binding did occur. 
This binding was not confined to oligoclonal IgG but was 
more apparent with polyclonal IgG.No previous publications 
describing specific experiments to study the effect of the 
binding of myelin basic protein to IgG with respect to a 
possible change in the electrophoretic mobilities of such 
complexes were found. However, several studies that 
investigated the nature of the intrathecally synthesized 
antibody (IgG) in CSF of patients with multiple sclerosis 
suggest that IgG does bind to myelin non-specifically 
(Allerand and Yahr 1964; Ma et a_l., 1981; Poston
1984).Others however, suggest that the binding is
immunologically specific for multiple sclerosis (Edgington 
and Dalessio 1969; Abrah .msky e_t aj.., 1977). In any event, 
it seems certain that IgG and myelin basic protein do have
an affinity with each other.
Experiments carried out in this study showed that the 
polyclonal IgG in the CSF samples resulted in a
significant increase in the amount of highly alkaline IgG 
than in the samples that did not have any myelin basic 
protein added. The effect, if any, on the oligoclonal IgG 
bands was less marked. Overall, it appeared that the 
binding of myelin basic protein to IgG does occur and this 
could be a factor for the presence of some of the very 
alkaline intrathecally synthesized oligoclonal IgG bands 
in CSF.
Treatment of normal CSF and serum samples with 
neuraminidase produced additional polyclonal IgG in the 
region from pH 7 to about pH 9 and was present as a 
diffuse background stain. Since neuraminidase is an enzyme
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that liberates sialic acid (N-acetylneuraminic acid) 
residues from glycoproteins, the additional alkaline 
polyclonal IgG was probably formed by the removal of 
sialic acid from IgG molecules that normally have 
electrophoretic mobilities less than 7. This point needs 
to be borne in mind with respect to the suggestion that 
polyclonal IgG may be synthesized intrathecally as well as 
oligoclonal IgG (Laurenzi et a_l. , 1980). In this case it 
may not be possible to distinguish between the formation 
of alkaline polyclonal IgG due to an enzymic modification 
from that produced intrathecally.
Most of the electrophoretic mobilities of intrathecally 
synthesized oligoclonal IgG bands in CSF from multiple 
sclerosis patients were not affected by treatment with 
neuraminidase. This suggests that a few may contain sialic 
acid but most do not, which can be detected by isoelectric 
focusing. Further treatment of these IgG bands with B-N- 
Acetylglucosaminidase, which acts on complex carbohydrate 
chains, yielded additional IgG bands placed at the most 
alkaline pH range of the pH gradient at around pH 9-9.5 
and also intensified some of the other very alkaline IgG 
bands. These findings indicate that a few bands may 
contain sialic acid but most do not. Hence,the specific 
removal of sialic acid residues alone or together with 
other oligosaccharide chains from a few CSF IgG bands may 
lead to the formation of heterogeneous subfractions that 
migrate to the cathode.
Kleine and Haak (1984), used polyacrylamide gel 
isoelectric focusing and a pH gradient formed with carrier 
ampholytes pH 3.5-9.5 to study the chemical reason for the 
heterogeneous pattern of oligoclonal subfractions of CSF. 
They suggested that differences in electric charge of IgG 
are probably due to 0- and N- glycosidically linked 
oligosaccharides or acid sialoglycopeptides. They removed
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the oligosaccharides of IgG with 3 different enzymes, 
neuraminidase, endoglycosidase D which liberates complex 
carbohydrate chains and endoglycosidase H which liberates 
long mannose chains. Their conclusion was that the 
specific removal of oligosaccharide residues from IgG 
changed their charges producing heterogeneous subfractions 
which can be detected using isoelectric focusing and 
stated that the unique IgG oligoclonal bands were related 
to oligosaccharides. However, they used silver staining to 
visualise the protein patterns which does not distinguish 
between IgG and other classes of proteins. Hence, some of 
the protein bands may not have been of IgG.
In this study, it was found that although some additional 
IgG bands were formed after treatment with the enzymes 
they were confined to the most alkaline end of the 
isoelectric focusing separation at between pH 9-9.5. These 
additional highly alkaline IgG bands probably originated 
from the enzymatic modification of IgG bands that had 
isoelectric points of less than 7 which are not detected 
using this technique. By contrast, none of the other 
oligoclonal IgG bands between pH 7 and 8.6 were altered in 
relation to their electrophoretic mobility which indicates 
that they already exist in a desialylated form.
With respect to the possible decreased carbohydrate 
content of the alkaline oligoclonal IgG bands in CSF, this 
may be related to the findings of Baumann and Jahreis 
(1983). These workers found that glucose starvation of 
cells of a rat hepatoma led to the synthesis of 
intermediately sized precursor forms of glycoproteins with 
incomplete oligosaccharide chains. For example, in the 
case of the glycoprotein, alpha-l-acid glycoprotein, they 
found the presence of,
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(a) a small amount of a form with molecular size 37kDa
representing incomplete molecules
(b) a fully glycosylated form with molecular size 42kDa
(c) fully glycosylated form with molecular size 39kDa but 
with incomplete oligosaccharide chains.
Kleine and Haak (1984), suggested that a similar state of 
glucose starvation may exist with the lymphocytes 
accumulated around areas of demyelination in the brains of 
patients with multiple sclerosis and possibly other 
inflammatory conditions. This may lead to the synthesis of 
IgG molecules with low carbohydrate content and hence, a 
more alkaline charge than in the case of the fully 
glycosylated normal IgG molecules.
A hypothesis put forward by Tourtellotte (1985), suggested 
that plasma cells present in the central nervous system 
synthesize IgG antibodies against the multiple sclerosis 
antigen or antigens. Some of these antibody molecules had 
differently linked oligosaccharides which were genetically 
determined. Certainly, if this hypothesis was correct it
would explain the existence of intrathecally synthesized 
IgG consisting of different electrophoretic mobilities.The 
fact that most of the alkaline IgG bands were not affected 
by treatment with neuraminidase and B-N- 
Acetylglucosaminidase, suggests that enzymic modification 
of IgG is not the primary cause for the existence of 
alkaline oligoclonal IgG bands in CSF. In this respect, 
the findings in this study support the hypothesis of 
Tourtellotte in that alkaline oligoclonal IgG bands are
the products of clonal selection of plasma cells or 
lymphocytes.
There is no doubt, however, that a few very alkaline IgG 
bands can be formed in CSF as the result of enzymic 
modifications (FIG 4.5). Furthermore, it has also been
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reported that proteolytic enzymes capable of degrading 
protein are present in damaged brain (Walsh and 
Tourtellotte 1983) which may also give rise to additional 
very alkaline IgG bands. There is a possibility, 
therefore, that some very alkaline oligoclonal IgG bands 
could be present in CSF as the result of enzymic activity 
in which case they could be misinterpreted as 
intrathecally synthesized oligoclonal IgG bands associated 
with multiple sclerosis.
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CHAPTER 5
FINAL DISCUSSION AND CONCLUSIONS,
5.1. THE DETECTION OF INTRATHECAL IgG IN CEREBROSPINAL 
FLUID FOR THE DIAGNOSIS OF MULTIPLE SCLEROSIS:
PRIOR TO THIS RESEARCH.
It has been known for many years that most patients with 
multiple sclerosis have an increased concentration of IgG 
in their cerebrospinal fluid due to the intrathecal 
synthesis of IgG. The detection of intrathecal IgG in
cerebrospinal fluid is usually achieved using 
electrophoresis, although quantitative methods such as the 
IgG concentration expressed as a percentage of the total 
protein concentration, the IgG index and the IgG synthesis 
rate have also been used. The main drawback of the 
quantitative methods is that it is impossible to account 
for the influence of the blood-CSF barrier on the 
concentration of IgG in the cerebrospinal fluid. Elegant 
mathematical formulae have been introduced in order to try 
to minimise the effect of the blood-CSF barrier (Delpech 
and Lichtblau 1972; Tourtellotte and Ma 1978; Reiber and 
Felgenhauer 1987). but there is no guarantee that the
barriers behave in exactly the same way for all patients.
Electrophoresis has been used for the past 30 years as a 
means of detecting intrathecal IgG in the form of
oligoclonal IgG bands. Various electrophoretic techniques 
have been used for this purpose differing predominantly in 
their resolving power and sensitivity.
The best resolution has been obtained with isoelectric 
focusing using agarose or polyacrylamide gel as the 
support media and carrier ampholytes to form the pH 
gradient (Walker et al.> 1983; Olsson e_t aj.., 1984;
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Kostulas e_t aj.. , 1987). During the last 10 years, the
technique of isoelectric focusing has been modified for 
the separation and detection of oligoclonal IgG bands in 
unconcentrated cerebrospinal fluid and detection rates of 
between 85-100% have consistently been reported in cases 
of multiple sclerosis (Laurenzi e_t al., 1980; Hershey and 
Trotter 1980; Kostulas e_t a_l., 1987). This high detection 
rate is due to the improved resolution obtained using 
isoelectric focusing compared with other methods of 
electrophoresis that have been used such as cellulose 
acetate, agar gel and polyacrylamide gel electrophoresis.
The technique of immunoblotting has helped to improve the 
sensitivity because it permits the ' use of enzyme 
conjugated antibodies to be used for visualisation of the 
separated protein bands. These types of visualisation 
systems are capable of detecting only picogram amounts of 
protein. The most important factors in achieving the 
maximum sensitivity in electrophoresis are the resolving 
power of the method and the detection system used to 
visualise the electrophoretic pattern. Hence, with the 
introduction of the immunoenzyme detection systems, 
sensitivity is no longer a problem. Furthermore, this high 
sensitivity has allowed unconcentrated cerebrospinal fluid 
to be examined for the detection of oligoclonal IgG bands. 
This is important because it has been shown that the 
process of concentrating cerebrospinal fluid causes 
changes to occur in the protein profile, especially in the 
case of alkaline proteins which become absorbed onto the 
concentrating membrane (Cunningham 1964). The use of 
immunoblotting procedures has also allowed specific 
antibodies to be used to detect the individual separated 
proteins. This has improved the specificity of isoelectric 
focusing for the detection of oligoclonal IgG bands since 
any bands are specifically identified as consisting of 
IgG. This is in contrast to other visualisation systems
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that use very sensitive silver stains to detect the bands 
but are non-specific.
The main disadvantage of isoelectric focusing for the 
separation of proteins is the formation of artefacts which 
can be subsequently misinterpreted as oligoclonal bands in 
the isoelectric focusing pattern. These artefacts are 
caused by the uneven conductivity and buffering capacity 
produced by the focusing of the individual components of 
the carrier ampholyte solution into a series of ridges and 
troughs spread throughout the length of the pH gradient. 
The presence of these ridges and troughs in the gel 
results in polyclonal IgG being separated into bands which 
can easily be mistaken for oligoclonal IgG bands. It has 
been reported by Keir (1990), that carrier ampholytes 
obtained from different manufacturers vary considerably 
with, respect to the formation of artefacts and that only 
one source is suitable (Pharmalyte, from Pharmacia, Milton 
Keynes, UK.).
Another problem with isoelectric focusing when using 
carrier ampholytes is that the entire pH gradient slowly 
migrates towards the cathode during electrofocusing. This 
is known as 1 gradient drift* and is most troublesome when 
highly alkaline proteins such as intrathecally synthesized 
IgG are to be analysed. As a result, the most alkaline 
proteins tend to bunch up at the cathode end of the pH 
gradient and are either not well resolved or else migrate 
into the cathode wick (Gorg e_t aJL. , 1988).
There is indisputable evidence that much of the 
intrathecally synthesized IgG has an isoelectric point 
that is much higher than that of normal serum IgG (Kjellin 
and Vesterberg 1974; Delmotte and Gonsette 1977; Laurenzi 
and Link 1979; Hosein and Johnson 1981; Tourtellotte e^t 
al., 1982; Zaffaroni e_t aj.., 1983; Trbojevic-Cepe e_t al.,
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1989). For this reason, there was a need to develop a 
method for the detection and separation of alkaline 
proteins such as the highly alkaline intrathecally 
synthesized oligoclonal IgG bands that are present in 
cerebrospinal fluid and which are associated with multiple 
sclerosis. Whilst it is true that isoelectric focusing 
using carrier ampholytes provides high resolution and is 
very sensitive for many normal proteins it is not ideal 
for the detailed investigation of alkaline proteins for 
the reasons given above.
The recently introduced technology of isoelectric focusing 
using immobilised pH gradients offered an opportunity to 
overcome the problems experienced with carrier ampholytes 
and at the same time enable the intrathecally synthesized 
oligoclonal IgG bands to be investigated in more detail 
than has been possible previously.
5.2. THE DETECTION OF INTRATHECAL IgG IN CEREBROSPINAL
FLUID FOR THE DIAGNOSIS OF MULTIPLE SCLEROSIS:
CURRENT STATE OF THE ART USING ISOELECTRIC
FOCUSING WITH IMMOBILISED pH GRADIENTS.
With sensitivities of 85-100% and specificities of 80-90% 
for the diagnosis of multiple sclerosis it is, perhaps, 
difficult to imagine that much more could be done to 
improve these already impressive figures. This is not the 
case.
With respect to sensitivity, the emphasis should now be 
directed towards the detection of the early stages of 
demyelination when amounts of intrathecally synthesized 
oligoclonal IgG are very small. After all, it is of more 
value to the neurologist to provide more diagnostic 
information from cerebrospinal fluid studies in cases of 
possible early demyelination than to simply confirm the
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diagnosis of clinically definite multiple sclerosis. In 
the light of this, it is important to also view the 
purpose of laboratory support for the diagnosis of
multiple sclerosis as a means for detecting the 5-20% of 
multiple sclerosis patients in whom intrathecal IgG 
synthesis is not detected using other methods. Clearly 
then, the more sensitive the method used the better is the 
chance of detecting oligoclonal IgG bands in early 
multiple sclerosis. However, care must be taken not to 
encourage a diagnosis of multiple sclerosis to be made 
without any clinical symptoms eventually being confirmed.
The technique of isoelectric focusing using immobilised pH 
gradients was used in this study because it was known to 
give higher resolution than when carrier ampholytes were 
used (Bjellqvist e_t aj.., 1982). This is because the pH
gradient is stable, indefinitely, thereby avoiding
cathodic gradient drifting and also because narrow pH
gradients can be used. Unfortunately, it was found 
necessary to add a small amount (0.25%v/v) of carrier 
ampholyte to the immobilised pH gradient gel in order to 
prevent the alkaline oligoclonal IgG bands from migrating 
as streaks with no resolution. The streaking is due to the 
effect of hydrophobic areas within the polyacrylamide gel 
matrix caused by the alkaline immobiline solutions (pK 8.5 
and 9.3 solutions). It appears that the presence of the 
carrier ampholytes in the gel have a shielding effect from 
the hydrophobic sites in the gel (Righetti e_t a JL . , 1987) 
but if too much ampholyte is added there is a risk of 
producing more artefactual bands. Not all proteins seem to 
be affected by the hydrophobicity since the isoelectric 
focusing patterns obtained using the isoelectric point 
marker proteins, LDH and the isoelectric calibration set 
(Pharmacia),separated into well resolved bands even when 
no carrier ampholyte had been added. There is, therefore, 
a need for either some new alkaline immobilines that do
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not produce hydrophobic areas in the gel or the 
introduction of an alternative substance to the carrier 
ampholytes that will act in the same way but not produce 
artefacts.
In this study, it was found that at the immunoblotting 
stage the use of PVDF protein transfer membranes was more 
sensitive than the nitrocellulose membranes that have been 
used by most previous workers (Walker ej: aJ. , 1983;
Kostulas e_t aj.., 1987). Furthermore, during the
immunoblotting stage, it was found that there was no loss 
of definition to the patterns even when blotting was 
carried out for long period of time (at least 16 h). This 
was probably because the focused bands were tightly held 
at their respective isoelectric points within the 
immobilised pH gradient and thus unable to diffuse and
subsequently fixed when bound to the PVDF membrane. This 
ist in contrast to pH gradients formed with carrier 
ampholytes which start to break down as soon as the 
electrical supply is turned off causing some diffusion of 
the bands if carried out for a long period of time. 
Although it was not possible to quantify the limits of 
detection for alkaline oligoclonal IgG bands using this 
method it is likely that it is in the order of picograms 
by comparison with other similar systems (Nespolo e_t al., 
1989).
The alkaline pH range of 7-10 was chosen for this study 
because it it is known that the presence of alkaline
oligoclonal IgG in the cerebrospinal fluid is a feature of
patients with multiple sclerosis. In patients who had an 
impaired blood-CSF barrier which allows proteins from the 
blood to pass into the cerebrospinal fluid, it was 
nevertheless, still possible to detect the presence of any 
alkaline intrathecal IgG because the serum proteins focus 
at a lower isoelectric point. This is in contrast to
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isoelectric focusing using carrier ampholytes whereby the 
presence of any oligoclonal IgG bands are completely 
obliterated by the presence of transudated serum proteins 
(Gallo e_t ajL. , 1988). In the latter situation it is
necessary to wait for the blood-CSF barrier function to 
return to normal and for the serum proteins to be cleared 
from the cerebrospinal fluid before re-examination of the 
fluid for oligoclonal IgG bands.
One of the aims of this study was to see if the 
characteristically high isoelectric point of intrathecally 
synthesized IgG could be used as a means of 
identification. In this respect, the 50 samples examined 
in this study showed that no serum samples contained any 
IgG bands with an isoelectric point greater than about: 
8.6, even in patients with multiple sclerosis. By 
contrast, all of the cerebrospinal fluid samples from the 
multiple sclerosis group of patients contained highly 
alkaline IgG bands with at least some bands with a pH 
greater than pH 8.6. If this finding is confirmed in a 
larger study then it may be possible to dispense with 
serum altogether and any IgG bands found in cerebrospinal 
fluid at a very alkaline pH could be identified as 
confirming intrathecal synthesis. One proviso, however, 
needs to be borne in mind, in that, this study has shown 
that some of the most alkaline IgG bands with isoelectric 
points greater than 9 may be present as the result of 
enzymatic degradation or by association with myelin basic 
protein. In these cases, serum is clearly still needed in 
order to distinguish between true intrathecal IgG 
synthesis and IgG bands caused by alternative means.
The results of the examination of samples from the 50 
patients used in this research showed a sensitivity of 
100% and specificity of 98% for the diagnosis of multiple 
sclerosis. Admittedly, the number of samples are too low
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to make accurate claims but it appears that the 
specificity for multiple sclerosis was better than could 
be achieved by isoelectric focusing using carrier 
ampholytes. The reason for this could be that the alkaline 
oligoclonal IgG bands are more specific for multiple 
sclerosis than say, oligoclonal IgG bands with lower pH 
values. More samples need to be examined and the results 
correlated against the clinical diagnosis to confirm these 
findings. However, the main purpose of this study was to 
develop a method suitable for the detection of highly 
alkaline proteins in unconcentrated cerebrospinal fluid. 
This was achieved.
The method of isoelectric focusing using immobilised pH 
gradients is well suited for research purposes in addition 
to diagnostic work. To this end, the experiments carried 
out in this study to investigate the mechanisms 
responsible for the characteristically high isoelectric 
point of intrathecally synthesized IgG could be extended 
to include probing of oligoclonal bands with lectins to 
study the carbohydrate specificities of the various IgG 
bands and their effect on electrophoretic mobility.
5.3. THE DETECTION OF INTRATHECAL IgG IN CEREBROSPINAL 
FLUID FOR THE DIAGNOSIS OF MULTIPLE SCLEROSIS: THE 
FUTURE.
The potential for the application of this technique to the 
investigation of intrathecally synthesized IgG in 
cerebrospinal fluid has not yet been fully realised. For 
example, many more samples need to be examined to confirm 
the sensitivity and specificity of the technique for the 
diagnosis of multiple sclerosis.
The work on the isoelectric focusing of the immunoglobulin 
light chains was limited in this study due to the lack of
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suitably specific antisera. Therefore, until such time as 
the appropriate antisera are available which do not cross- 
react, not much progress can be made. However, the
technique of isoelectric focusing using an immobilised pH 
gradient offers great potential for the detailed study of 
the intrathecally synthesized oligoclonal immunoglobulins, 
particularly with respect to their aetiology. If free 
immunoglobulin light chains are to be studied this may 
require the use of a different pH range than the one used 
to detect intrathecally synthesized oligoclonal IgG bands, 
since it has been reported that free light chains may be 
present over quite a wide pH range ie. pH 6 to 9.5 (Bracco 
et al., 1987) .
There is also a need to prepare immobilised pH gradients 
with different narrow pH ranges eg. 8.5-9 or 9-9.5, to
study the oligoclonal IgG bands in specific regions of the 
*total IgG isoelectric focusing pattern in an attempt to 
identify any aetiological agents that may be resposible
for demyelination. The method of isoelectric focusing 
developed for this study has the ability to open up 
further investigations to help establish the cause or
causes of multiple sclerosis. This should be possible 
because higher resolution is achieved with immobilised 
gradients, the pH gradient is stable indefinitely and 
cathodic drift of the pH gradient is eliminated (Righetti 
and Giannazza 1987). Indeed, it is possible to separate 
proteins differing by only 0.001 of a pH unit using narrow 
immobilised pH gradients (Bjellqvist ^ et aT. , 1982). This
means that for the first time it is possible to separate 
very alkaline proteins, such as intrathecally synthesized 
oligoclonal IgG bands, in more detail than has been 
possible before. Since it has beeen indicated that the 
presence of highly alkaline intrathecal IgG in CSF is a 
feature of patients with multiple sclerosis it should be 
worthwhile investigating these proteins in more detail in
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an attempt to discover if any of these proteins are cause 
or effect of multiple sclerosis. For example, it should be 
possible to separate and isolate individual oligoclonal 
IgG bands from very narrow pH gradients. These purified 
proteins could then be conjugated with colloidal gold 
particles which can then be detected using electron 
microscopy. These conjugates could then be used as probes 
to detect the presence of any specific antibodies or 
antigens present in ultrathin sections of brain removed at 
autopsy from multiple sclerosis patients. There is clearly 
scope for much more research for both diagnostic and 
characterisation purposes using this new isoelectric 
focusing technique.
If future research does indicate that the synthesis of 
highly alkaline IgG is specific for the detection of 
intrathecally synthesized IgG it may be appropriate to 
separate and quantify alkaline IgG with the use of ion 
exchange techniques. For example, if it were found that 
the presence of intrathecally synthesized IgG in CSF that 
had an isoelectric point greater than say, 9.5 was 
specific for multiple sclerosis, then by passing CSF 
through an ion exchange column it should be possible to 
separate this protein from all other CSF proteins. The 
alkaline IgG fraction could then be eluted from the ion 
exchanger and measured using an immunoenzyme detection 
system as an immunoassay method for intrathecal IgG.
The recently introduced technology of capillary 
electrophoresis seems certain to make an impact on the 
investigation of cerebrospinal fluid proteins. Capillary 
electrophoresis separates and quantitates minute amounts 
of protein from only nanolitre volumes of sample. 
Furthermore, the separation times are extremely rapid, 
typically 5 to 30 minutes. Thus, the use of capillary 
electrophoresis for the investigation and diagnosis of
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neurological diseases seems certain to play an important 
role in the future for research into the diagnosis of 
multiple sclerosis and the seemingly never ending search 
for the causative agent of multiple sclerosis.
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